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FOREWORD 



This handbook, which has been processed by the Structural Engineer- 
ing Sectional Committee, SMDC 7, the composition of which is given in 
Appendix C, has been approved for publication by the Structural and 
Metals Division Council of I SI. 

Steel, which is a very important basic raw material for industrializa- 
tion, had been receiving considerable attention from the Planning Commis- 
sion even from the very early stages of the country's First Five Year Plan 
period. The Planning Commission not only envisaged an increase in pro- 
duction capacity in the country, but also considered the question of even 
greater importance, namely, the taking of urgent measures for the conser- 
vation of available resources. Its expert committees came to the con- 
clusion that a good proportion of the steel consumed by the structural 
steel industry in India could be saved if 'higher efficiency procedures were 
adopted in the production and use of steel. The Planning Commission, 
therefore, recommended to the Government of India that the Indian 
Standards Institution should take up a Steel Economy Project and pre- 
pare a series of Indian Standard Specifications and Codes of Practice in the 
field of steel production and utilization. 

Over six years of continuous study in India and abroad, and the deli- 
berations at numerous sittings of committees, panels and study groups, 
have resulted in the formulation of a number of Indian Standards in the 
field of steel production, design and use, a list of which is included in 
Appendix B. 

The basic Indian Standards on hot rolled structural steel sections are: 

IS: 808-1957 Specification for Rolled Steel Beam, Channex 
AND A^GLE Sections 

IS: 811-1961 Specification for Cold Formed Light Gauge Struc- 
tural Steel Sections 

IS: 1161-1958 Specification for Steel Tubes for Structural 
Purposes 

IS: 1173-1957 Specification for Rolled Steel Sections, Tee 
Bars 

IS; 1252-1958 Specification for Rolled Steel Sections, Bulb 
Angles 

IS: 1730-1961 Dimensions FOR Steel Plate, Sheet and Strip for 
Structural and General Engineering Purposes (Under 
print ) 
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IS: 1731-1961 Dimensions for Steel Flats for Structural and 
General Engineering Purposes 

IS: 1732-1961 Dimensions for Round and Square Steel Bars 
FOR Structural and General Engineering Purposes 

The design and fabrication of steel structures is covered by the 
following basic Indian Standards: 

IS: 800-1956 Code of Practice for Use of Structural Steel in 
General Building Construction ( Under revision ) 

IS: 801-1958 Code of Practice for^ Use of Cold Formed Light 
Gauge Steel Structural Members in General Building 
Construction 

IS: 806-1957 Code of Practice for Use of Steel Tubes in General 
Building Construction 

IS: 816-1956 Code of Practice for Use of Metal Arc Welding 
for General Construction in Mild Steel 

IS: 819-1957 Code of Practice fqr Resistance Spot Welding 
FOR Light Assemblies in Mild Steel 

IS: 823- Code of Procedure for Metal Arc Welding of 

Mild Steel ( Under preparation ) 

IS: 1024- Code of Practice for Welding of Structures 

Subject to Dynamic Loading ( Under preparation) 

IS: 1261-1959 Code of Practice for Seam Welding in Mild Steel 

IS: 1323-1959 Code of Practice for Oxy-Acetylene Welding for 
Structural Work in Mild Steel 

In order to reduce tlic work involved in design computations, and to 
facilitate the use of the various Indian Standard Codes of Practice men- 
tioned above, ISI undertook the preparation of a number of design hand- 
books. This handbook, which is the second in the series, relates to steel 
beams and plate girders. The first one on structural steel sections was 
published in March 1959. The third handbook which will cover steel 
columns and struts is under print. Other handbooks proposed to be 
published in the series in due course are expected to cover the following 
subjects: 

1) Application of plastic theory in design of steel structures 

2) Designing and detailing welded joints and connections 

3) Design of rigid frame structures in steel 

4) Economy of steel, through choice of fabrication methods 

5) Functions of good design in steel economy 

6) High strength bolting in steel structures 

JO 
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7) Large span shed type buildings in steel 

8) Liglit-weight open web steel joist construction 

9) Multi-storey steel framed structures for offices and residences 

10) Roof trusses in steel 

11) Single-storey industrial and mill type buildings in steel 

12) Steel transmission towers 

13) Steelwork in cranes and hoists 

14) Structural use of light gauge sections 

15) Structural use of tubular sections 

Metric system has been adopted in India and all quantities, dimensions 
and design examples hav^e been given in this system. 

This handbook is not intended to replace text books on the subject. 
With this object in view, theoretical treatment has been kept to the mini- 
mum needed. Special effort has been made to introduce only modern 
and practical methods of analysis and design tliat v,ill result in economy 
in utihzation of steel. 

The information contained in this handbook may be broadly summa- 
rized as follows; 

a) Explanation of the pertinent formulae, 

b) Design examples in a form.at sim.ilar to tb.at used in a design 
office, 

c) Commentary on the design examples, and 

d) Tables of important design data. 

In accordance with the main objectives, tliose types of beams and 
girder designs that lead to the greatest weight saving in steel have been 
emphasized as far as possible. 

The calculations shown in the design examples have all been worked 
out using the ordinary slide rules. The metric sizes of rivets and plates 
incorporated in the design examples are likely to be the standard metric 
sizes which would be produced in this country. Indian Standards for 
these products are under preparation. 

This handbook is based on, and requires reference to, the following 
pubHcations issued by ISI: 

IS: 226-1958 Specification for Structural Steel ( Second Revision ) 

IS; 800-1956 Code of Practice for Use of Structural Steel in 
General Building Construction ( Under revision ) 
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IS: 808-1957 Specification for Rolled Steel Beam, Channel 
AND Angle Sections 

IS: 816-1956 Code of Practice for Use of Metal Arc Welding 
FOR General Construction in Mild Steel 

ISI Handbook for Structural Engineers: 1. Structural Steel 
Sections 

In the preparation of this handbook, the technical committee has 
derived valuable assistance from Dr. Bruce G. Johnston, Professor of Struc- 
tural Engineering, University of Michigan, Ann Arbor. Dr. Bruce G. John- 
ston prepared the preliminary draft of this handbook. This assistance was 
made available to ISI through Messrs. Rarnseyer & Miller, Inc., iron & 
Steel Industry Consultants, New York, by the Technical Co-operation 
Mission to India of the Government of USA under their Technical Assis- 
tance Programme. 

The tabular material in Appendix A, a few photographs and quota- 
tions in sections VI and VII have been provided through the courtesy of 
the American Institute of Steel Construction, New York. An extract 
from the article by Mr. Henry J. Stetina as published in the Proceedings 
of the 1955 Conference of the Building Research Institute of Washington, 
D.C., has been quoted through the courtesy of th<?.*Building Research Insti- 
tute of Washington, D.C. 

No handbook of this type can be made complete for all times to. come 
at the very first attempt. As designers and engineers begin to use it, they 
will be able to suggest modifications and additions for improving its utility. 
They are requested to send such valuable suggestions to ISI which will 
be received with appreciation and gratitude. 
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SYMBOLS 

Symbols used in this handbook shall have the meaning assigned to 
them as indicated below : 

A =^ Values obtained from Table XXI of IS: 800-1956 or 

Table III of this handbook 

Ac = Area of the cover plate 

Af = Area of flange 

A 9 = Area of web 

Jjp == Clear area of flange of an I-Section after deducting an area 

for the portion of web assumed as extending up to the 

top of the flange 

B -Values obtained from Table XXI of IS: 800-1956 or 

Table in of this handbook; Length of stiff portion of the 
bearing plus half the depth of the beam plus the thick- 
ness of flange plates { if any ) at the bearing 

Bi, Bi, . , Bn = Various beams ( see sketch on p. 32 ) 

b = Width of flange 

C = Permissible stress in the .compression flange of the section 

with curtailed flanges or unequal flanges 

c " Spacing ( see p. 64 ) 

Cyy — Distance of centre of gravity from the extreme fibre of 

the vertical leg of an angle or channel section 

D — Overall depth ( see sketch on p. 38 ) 

d = Deflection, depth of beam or. diameter of rivets 

dx = Depth at any section distant x from a reference 

point 



dy 



Slope [ first differential oiy { depth ) with respect to x ( the 



^^ distance along the beam from a reference point )] 

—:; = Moment { second differential of y with respect to x ) 

d^y 

-1™ ~ Shear ( third differential of y with respect to x ) 

d^y 

-~ ~ Load ( fourth differential of y with respect to x ) 

E ~ Young's modulus in tension or compression 
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e ~ Distance to either the extreme top or bottom of the beam 

from the neutral axis 

/, fb = Normal stress due to bending 

fc = Direct stress considered in perforated web beams 

/, — Shear stress 

fsb = Bending stress due to shear 

/„ — Shear per linear cm ( in welds ) 

Fb = Allowable bending stress in bearing plate 

Fc ^ Allowable stress in direct compression 

Fs = Allowable shear stress 

Fgo = Bending stress due to shear in a perforated web section 

G = Shear modulus 

g = Rivet gauge 

h^ = Distance from the root of vertical leg of fillet to top of 
flange 

hs, =-- Splice plate height 

A^ = Web height 

h,h = Distance between centres of gravity of flanges; Economical 

web depth of a plate girder 

/ = Moment of inertia of the cross-section 

l^y = Product of inertia of the cross-section 

K = A parameter used in the formula of economical web depth 

of a plate girder {see Eq 8 ) ; Torsional .constant 
ki = Coefficient of effective thickness of flange ( see E-2.1.1 of 

IS: 800-1956) 

k^ = Constant obtained from Table XX of IS: 800-1956 

L = Span of beam; Angle section 

/ = Effective length of beam 

l^x = Effective length with respect to X-X axis 

M = Bending Moment 

Ma = Bending moment at centre of the beam due to reactions of 
other beams restinjg on it 

Mt ^ Total maximum bending moment 

Mu, = Bending moment at centre of the beam due to beam weight 

only 

Mc = Moment capacity of beam 

Mj =^ Torsional moment 
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ffi,n = Assumed cantilever lengths in a perforated web section; 

Span ratios in continuous beams 
iV = The ratio of area of both flanges at the point of minimum 

bending moment to the area of both flanges at the point 

of jnaximum bending moment (see E-2.1.1 of IS: 800- 

1956) 
P^ = Intensity of load distributed through the web and flange 

Pg = Bearing pressure 

p = Pitch of rivets; Number of perforated panels 

Q — Static moment about the centroidal axis of the portion of 

cross-sectional area beyond the location at which the 
stress is being determined 

Qia — End reaction in a beam of simply supported span AB, 

at B 
(^60 = End reaction in a beam of simply supported span BC, 

at B 

Qb - Qba + Qbc 

q = Intensity of loading 

H =r Radius of curvature; Rivet strength; Reaction 

r = Radius of gyration; Stress in rivet 

r^ = Stress in the most stressed rivet caused by moment 

r^ = Stress in the most stressed rivet, caused by shear force 

S = Spacing of beams ; Shear carrying capacity of beam ; Spacing 

between intermittent welds 

t = Thickness 

/, = Effective thickness of flange ( see E-2.1.1 of IS: 800-1956 ) 

tf = Flange thickness 

tu> = Web thickness 

uu, vv = The principal axes in the case of unsymmetrical sections 

V ~ Total shear resultant on cross-section 

W = Total load on a beam 

w = Load intensity ( see p. 43 ) ; Weld strength value; Width of 

a box section 
X, y — Co-ordination of rivet centres from centre of gravity of the 

rivet group 
Xc = Distance of centre of gravity from centre of web on X-X 

axis 
Xj = Distance of shear centre from centre of web on X-X axis 

y — Distance from neutral axis; Deflection 
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y = Distance of centre of gravity of the component section 

from the centre of gravity of the combined section 

y* = Distance of centre of gravity of the component section 

from a reference point 

Z = //g = Section modulus 

c = Normal strain due to bending 

J- J per unit length of beam at any 

particular point 

S = Deflection 

Q == Angle of twist per unit length 

dQ =■ Rate of change of slope 

t = Centre line 

@ = At 

> = (keater than 

< = Less than 

> = Not greater than 
<t; = Not less than 

< = Less than or equal to 

^ — Greater than or equal to 

s=: — Approximately equal to 

== Therefore 
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ABBREVIATIONS 

Some important abbreviations used in this handbook are listed 
below: 

Units 

Area in square centimetres cm* 
Capacity of weld in kilogram per centi- 
metre kg/cm 

Length in centimetres cm 

Length in metres m 

Length in millimetres mm 

Linear density in kilograms per metre per square 

centimetre kg/m/cm* 

Load in kilograms kg 

Load in kilograms per metre kg/m 

Load in kilograms per square centimetre kg/cm* 

Load in tonnes t 

Load in tonnes per metre t/m 

Moment in centimetre-kilograms cm- kg 

Moment in centimetre tonnes cm-t 

Moment in metre tonnes m-t 

Moment of inertia expressed in centimetre to the 

power of four cm* 

Section modulus expressed in cubic centimetres cm' 

Other Abbreviations 

Alright OK 

Angle section L 

Bending moment BM 

Centre of gravity CG 

Centre to centre c/c 

Channel section C 

Dead load DL 

17 



ISI HANDBOOK FOR STRUCTURAL ENGINEERS: STEEL BEAMS AND PLATE GIRDERS 

Equation Eq 

Indian Standard Angle Section conforming to and 

as designated in IS: 808-1957 ISA 

Indian Standard Beam Sections conforming to and ISLB, ISMB, 
as designated in IS: 808-1957 etc 

Indian Standard Channel Sections conforming to 

and as designated in IS: 808-1957 ISLC.ISMC.etc 

Live load LL 

Neutral axis NA 

Number No. 

Shear force SF 

Single shear SS 

Wide flange beam WB 
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SECTION I 
GENERAL 



1. INTRODUCTION 



1.1 A beam or girder may be defined as a structural member, usually 
straight, that has the primary function of carrying transverse loads from 
specified points in space to specified points of support. An arch also 
carries transverse loads from points in space to points of support, but the 
normal stress in the cross-section through the interior of the arch is pri- 
marily compression. A suspension bridge also carries loads from points 
in space to points of support but the normal stress in the cross-section 
through the suspension rope is primarily tension. In the case of the sus- 
pended span and the arch span ( considering only vertical loads ) the 
supporting reactions are inclined with respect to the vertical, hence, depend 
on a lateral component of force that shall be provided by the foundation. 
In the case of the beam under transverse loads, the reactive forces at the 
supports are in the same direction as the applied loads and the normal 
* bending ' stress on the beam cross-section varies linearly from a maxi- 
mum compression to a maximum tension. 

1.2 By far the greatest number of beams are designed to act in ' simple 
' t)ending ' and the design of rolled sections for simple bending is covered 

ID Sectioi. 11. Plate girder design for simple bending is treated in Se;c- 
tion III. Whenever feasible, for greatest economy in design, beam sections 
shoufd be chosen, braced ( if necessary ), and oriented with r^pect to the 
specified loads so that the assumptions of simple bending ^Ve justified. 

1.3 Simple bending is that type of bending in which the loads and the 
support reactions are in one and the same plane and the longitudinal axis 
of the beam remains in that same plane as the beam deflects. It is 
assumed that the cross-section of the beam does not twist during deflec- 
tion. If simple bending is to be insured when an I-beam is loaded in the 
plane of its web, the compression flange either shall be supported laterally 
or the permissible stress ( in some cases ) shall be reduced to prevent the 
possibility of lateral buckling. But simple bending occurs naturally, with- 
out lateral support, in such cases as are shown in cross-sections given in 
Fig. 1. 

In Fig. l,it will be noted that in each case the plane of the loads 
coincides with an axis of symmetry of the cross-section. It is important 
to recognize the conditions under which simple bending will occur and the 
precautions that shall be observed in design of details and supports for 
other cases where simple bending is not natural although it may be forced 
or insured by special means. For example, the channel, used as a beam 
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Fig. 1 Cross-Sectional Shapes and Loading Planes Naturally 
Conducive to Simple Bending 



with loads applied in the plane of its major principal axis, will twist and 
so also the common angle. Such complications in simple bending are 
treated separately in Section V. In spite of possible complications, simple 
bending is most often encountered in actual design because the widely 
used I-section steel beam shown in Fig. 2A requires but very little lateral 
support to insure against the possibility of lateral buckling. 



|~^^^-| mm^ 




mm?^ mm>kA |— 




!* 2» aC 2D 

Fig. 2 Support Requirements to Provide Simple Lending 



Simple bending may also be induced in the channel, loaded as shown 
in Fig. 2B, if restraint against twist and lateral buckling is provided along 
the member (5*« 30.1 ). If an angle is loaded as shown in Fig. 2D, provi- 
sion along the angle shall be made not only to prevent twist but to prevent 
lateral deflection out of the plane of the loads { see 29.1 ) . Where the lateral 
support is needed for stability alone, as in the case shown in Fig. 2A, there 
is no calculable stress in the 'lateral supports. In cases shown at Fig. 2B 
and 2C, however, there is a definitely calculable stress in the restraining 
members, thus a more clearly defined design problem exists. 
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1.4 The primary function of the beam is to carry transverse loads and the 
ability of the beam to perform its function is judged primarily by the ade- 
quacy of the beam cross-section at every point, -along the axis to resist 
the maximum shear and moment that may occur at that section. 

In the design of a beam under complex loading conditions the shear 
diagram and bending ^noment diagram are usually plotted [see Fig. 3). It 
is assumed that the reader is familiar with the determination of such 
diagrams. Reference may also be made herein to Illustrative Design 
Examples 1 and 2 and to Section IV. 



rTTnTTTTTTTTTTTTm ^ 



T 



rTTTTTTn 



T 
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EI 







MOMENT Cm; 



Fig. 3 Positive Load, Shear and Moment in Beams 



1.5 The design of a beam is considered adequate for bending moment and 
shear if the maximum normal stress due to bending and maximum shear 
stress due to shear are kept within specified limits that insure a factor of 
safety with respect to yielding. In simple beam theory, the normal strain 
parallel to the longitudinal axis of the beam is assumed proportional to the 
distance from the neutral axis of bending — an exact hypothesis ( circular 
bending ) in the absence of shear stress and a close approximation for most 
practical cases even when shear exists. As shown in texts on strength 
of materials; the normal stress is given by: 



L = E. = E^y 



(1) 
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where 

/^ = normal stress due to bending, 

E = elastic modulus in tension or compression, 

€ = normal strain due to bending, 

^ = the change in slope ( dBldx ) per unit length of beam at any 

particular point, and 
y »= distance from neutral aptis ( axis of zero normal stress ). 

In most texts, in place of ^, \jR is written, where R is the radius of 
curvature. No one is able to see a radius of curvature in nature but, 
in observing a very flexible beam under load, such as the swaying branch 
of a tree, one may actually observe deflection, changes in slope and even 
curvature. Thus, it is intrinsically better to write the equation in terms 
of 4> rather than \jR. 

It is occasionally necessary to calculate the deflections of a beam and a 
knowledge of ^ all along the beam leads first to a calculation of beam slope 
at any point — thence ( as will be demonstrated in Section IV ) to a calcu- 
lation of deflections. 

As shown in Fig. 4, ^ is the angle between tangents to the axis of the 
beam at points one unit in length apart, hence, it represents the change 
in slope per unit length. 




Fig. 4 Unit Length of Bent Beam 



To obtain the familiar equation for normal stress due to bending, ^ 
m Eq 1 shall be related to the bending moment, M. Below the yield point 
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of steel ( in the elastic range ) there is a linear relationship between bending 
moment and beam curvature ( a special case of Hooke's Law ) which may 
be expressed as follows: - 

The amount that a beam bene is proportional to the bending 
moment. Tl\e constant of proportionality, as derived in text books on 
strength of materials, is EI, the bending stiffness of the beam, and 

M ^EU (2) 



where 



M = bending moment, and 

I = moment of inertia of the cross-section. 



In the limit, if variable, the angle change rate per unit length 
may be expressed more precisely in the language of differential calculus 
by introducing: 



* dx\dx) ~ dx^ EI" Ey 



(3) 



The interrelationship between deflection, slope, moment, shear, and 
load may be summarized conveniently by functions of ' x', taken as 
the distance ( to the right ) along the beam : 

y = deflection (assumed positive down ward ). 

dv 

-<■ = slope ( positive when y increases with increasing x ), 

d^y M , 

j^ ~ -\- r=j { moment assumed positive wl\en normal stress 

^^ ^-^ is compression at top of beam) {see Fig. 3 ). . . . (4) 

d^y V 

j 3 = ~r7 ( shear positive as shown in Fig. 3 ), and 

d^y Q 

j^ = 4- -^ ( load positive when down ). 

For various typical end conditions and load distributions, the solution 
of £q 4 to provide equations for deflections, location and magnitude of 
maximum deflections, etc, reference may be made to any Structural Hand- 
book. 

In conventional, or elastic design, the adequacy of a beam to carry 
bending moment and shear is determined by limiting the maximum normal 
stress due to bending, and the average shear stress { assuming the web to 
take all of the shear ) to the prescribed ' allowable stresses ' that provide a 
margin of safety with respect to the elastic limit or yield point strengths 
of the material. 
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The familiar equation for normal stress due to bending is obtained 
by combining Eq 1 and 2: 

/. = ^ (S) 

If ' e ' is designated as the distance y to either the extreme top or 
bottom of the beam, the maximum normal stress due to bending is: 

■^*~T = Z- <^> 

Z = - and is termed the 'section modulus'. 

e 

The shear stress at any point of the cross-section is given by: 

i.-i - <" 

where 

/, == shear stress, 

V — total shear resultant on cross-section. 

Q = static moment about the centroidal axis of the portion of 

cross-sectional area beyond the location at which the stress 

is being determined, 
I = moment of inertia of the section about the centroidal axis, 

and 
t — thickness of web. 

IS: 800-1956 limits the maximum normal stress on a steel beam cross- 
section to 1 575 kg/cm* ( see 9.2 ) and the average shear stress ( when web 
buckling is not a factor ) is limited to 945 kg/cm^ ( see 9.5.2 ). The average 
shear stress is calculated by dividing the resultant shear force ( F ) on the 
cross-section by the gross cross-section of the web, defined for rolled 
/-beams and channels ( see 20.6.2.1 and 20.6.2.2 of IS: 800-1956 ) as ' the 
depth of the beam multiplied by the web thickness ' ahd in the case of plate 
girders 'the depth of the web multiplied by its thickness'. 

Table I (see p. 169) gives a convenient order for economical selection 
of the section moduli and shear capacity for the IS Rolled I-beams and 
channels. 

Although not of direct use in design it is desirable to recognize that 
the normal stress as given by Eq 5 and the shear stress as given by Eq 7 
are simply components of the resultant stress that, in general, acts at an angle 
to the plane of the cross-section. At the top and bottom of the beam the 
resultant stress and the normal stress become equivalent, since the shear 
stress is zero, and at the neutral axis of the beam, where the normal stress 
is zero, the resultant stress is the shear stress. 
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2. DESIGN PROCEDURE AND CODE OF PRACTICE 

2.0 The foregoing discussion of simple beam theory presents merely a 
sketch of some of the more important facts. For a complete development of 
the theory of simple bending, reference should be made to reference books 
on strength of materials by such authors as Morley, Timoshenko, or others. 
Attention so far has been given primarily to bending moment and shear. 
Beams of normal proportions are usually selected on the basis of bending 
moment and a routine check made as to their shear capacity. Only in the 
case of very short beams, or beams in which high concentrations of load 
near one or both ends, will the shear control the design. In addition to 
shear and bending moment, however, there are a number of secondary 
factors that need to be checked in any beam design. These will be dis- 
cussed very briefly in this ' Section ' with complete reference in IS: 800-1956 
and actual design details in succeeding sections. 

2.1 In some cases, deflection limitations may affect the beam design. A 
beam that experiences large deflections is a flexible beam and is undesir- 
able in locations where the loads are primarily due to human occupancy, 
especially in the case of public meeting places. Large deflections may 
result in noticeable vibratory movement producing uncomfortable sensa- 
tions on the part of the occupants and in some cases loading toward crack- 
ing of plastered ceilings if these exist. The question as to what actual 
deflection will cause plaster cracking or whether the deflection itself is a 
primary cause is a debatable one but the usual specification limitations, 
no doubt, have their place even though they are not usually mandatory. 

In addition to a check on deflections, safety against the local crush- 
ing or buckling of the web of a rolled beam should be checked at the ends 
and at points of concentrated load. In some cases stiffeners may have 
to be introduced. 

2.2 When the available rolled beam sectiohs become inadequate to carry 
the load, there are a number of alternatives leading to sections of greater 
bending moment capacity. One may go directly to a welded or riveted 
plate girder or, alternatively, flange plates may be welded or riveted to the 
flanges of available rolled sections. Another possibihty is the use of a spHt- 
section formed of two T-sections with a web plate welded in between. This 
will provide a deeper beam section and will require somewhat less welding 
than a completely built-up plate girder. Other possibilities that should 
be considered are the use of continuous beams instead of simple beams, 
or use of plastic design, where applicable. The use of open web beams, 
tapered beams, or composite beams, offer other modifications of design 
to provide greater bending strength with the utilization of existing Indian 
rolled shapes. These alternatives to conventional design are discussed 
in Sections VI, VII and VIII. 
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The use of continuous beams should be considered in roof construc- 
tion, for crane runway girders, or for other types of construction in which 
it is convenient to run the beam continuously over columns or other points 
of support. 

2.3 The possibility of using plastic design becomes especially important 
when one goes to continuous beam or frame construction. IS: 800-1956 
takes some account of the increased plastic reserve strength in bending 
beyond the yield point in the fact that 1 575 kg/cm^ is permitted for rolled 
sections whereas the stress in plate girders with little plastic reserve is 
limited to 1 500 kg/cm^. However, in continuous construction, reserve 
strength is available from another and greater source — redistribution of 
-bending moment as ' plastic hinges ' develop. The plastic design method 
may be used advantageously limiting conditions. Reference should be 
made to the ISI Handbook for Structural Engineers on Apphcation of 
Plastic Theory in the Design of Steel Structures (under preparation) for a 
more complete discussion of this design procedure. Plastic design should 
probably not be used when repeated loads are an important factor leading 
to the possibility of fatigue failure. Special attention also may be given 
in plastic design to modifications in the usual specification requirements 
for outstanding plate elements under compressive stress since local buck- 
hng should not only be avoided in the elastic range but prevented in the 
plastic range up to the inception of strain hardening. However, serious 
consideration should be given to plastic design of continuous beams and 
rigid frames of one- or two-storey height when fatigue is not a problem 
and only a few maximum loads are expected. 

In the design of beams subject to severe repeated load stressing, the 
beam near maximum pemiissible hmits with many expected repetitions, 
such as in the design of a crane runway support girder, stresses should 
be reduced to prevent possibility of fatigue failure. 

Crane runway support beams and beams in similar situations are 
also subject to impact which sets up elastic vibrations and thereby in- 
creases the stresses. These additional stresses are taken care of by the 
use of impact factors and the crane runway support girder serves as a 
design illustration in Design Example 10. 
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DESIGN OF ROLLED BEAMS 



3. GENERAL 



3.1 Generally the following are the essential steps required in the selec- 
tion of symmetrical J-shaped rolled steel beams: 

a) Selection for bending moment and shear, 

b) Lateral support requireraeats, 

c) Design of beams without lateral support, 

d) Deflection requirements, 

e) Shear stress in beams, 

f) Web crippling and buckling, and 

g) End connections and bearing plate design. 

A general discussion of these steps is given in 4 to 10 and is follawe. 
by Design Example 1 {see 11) in which the designs of beams for a 
specified floor framing plan are presented, 

4. SELECTION FOR BENDING MOMENT AND SHEAR 

4.1 As pointed out in Section I, the primary function of a beam is to carry 
load. The moment and shear capacity at every point along a beam shall, 
therefore, be greater than the actual moments and shears caused by the 
load. It is assumed the reader is familiar with the calculation of moment 
and shear diagrams as covered later in Section IV, and with general theory 
of simple bending as previously discussed in Section I. To facilitate the 
actual selection of a beam after the maximum moments and shears have 
been determined, Table I has been prepared listing all of the IS Rolled 
I-beams and channels in the order of their moment capacity. The index 
of moment capacity is the section modulus ' Z ' which is given in col 1 
of Table I ( see p. 169). Thus, as will be demonstrated in Design Example 1 
after the required section modulus is determined, one may immediately 
select from the table the beam that will have the smallest weight per metre 
for the moment capacity needed by following the steps indicated in the 
note under the table. Except in the case of very short beams or beams carry- 
ing heavy loads near their ends, moment rather than shear will govern the 
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design. However, it is convenient to list in the same beam selection table 
the maximum shear value of each beam in tonnes ( see col 4 of Table I ). 
Thus, after selecting the beam for moment one may immediately check 
its shear capacity. The standard designation of the rolled beam is given 
in col 2 of the table and its weight in kilograms per metre in col 3. 

5. LATERAL SUPPORT REQUIREMENTS 

5.1 The great majority of beams are designed as 'laterally supported' 
in which case no reduction in allowable stress due to bending is required 
to safeguard against lateral-torsional buckling. Any beam encased with 
concrete which is in turn contiguous with at least one adjacent slab may 
be considered as fully supported laterally. Other conditions of lateral 
support may be more questionable and some of these are indicated in 
Fig. 5. Full lateral support should be credited if a concrete slab encases the 
top flange so that the bottom surface of the concrete slab is flush with the 
bottom of the top flange of the beam. If other beams frame at frequent 
intervals into the beam in question, as indicated in Fig, 5B, lateral support 
is provided at each point but the main beam should still be checked 
between the two supports. 
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Fig. 5 Lateral Support Requirements 
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5.2 No lateral support should be credited if the concrete slab holds the 
top flange of the beam from only one side as in Fig. 5C, or simply rests on 
the top as in Fig. 5D without any shear connectors or bond other than the 
surface between the two materials. Temperature change and deflection 
due to bending will destroy the bond leaving the beam with only friction 
to depend upon for top lateral support. Similarly, if plank or bar grat- 
ing is attached to the top flange by means of bolts as in Fig. 5E, the support 
might be temporarily adequate if bolts were firmly fastened and the oppo- 
site ends of plank or grating securely attached to some other support. 
However, owing to the temporary nature of the connections, full depend- 
ence should not be given as there is always a possibility that the bolts 
might be omitted or removed. In this case, the design should be made as 
if lacking lateral support. The matter of designing beams without lateral 
support is covered in 6. 



6. DESIGN OF BEAMS WITHOUT LATERAL SUPPORT 

6.1 When special conditions require that a beam be loaded in the plane 
of the web, without continuous or intermittent lateral support at sufficient- 
ly frequent intervals, the beam will ultimately fail by buckling with lateral 
and torsional deflections. In order to provide adequate safety against 
such buckling, the allowable stress is reduced in certain cases. The reduc- 
tion in allowable stress increases with increasing Ijb ratio and djtf ratio 
where : 

/ = unsupported length of beam, 
h = width of flange, 
d = depth of beam, and 
// = flange thickness. 

6.2 Permissible stresses are tabulated for -various ratios in Table II of 
IS: 800-1956. The formula on which these values are based is given in 
Appendix E of 15:800-1956 and tabulated values apply only to rolled 
beams of constant cross-section and of symmetrical I-shape. The formulae 
may be applied to channels with over-safe results. For beams with vari- 
able flange shape, unequal flanges, etc, reference should be made to Appen- 
dix E of 18:800-1956. 

6.3 In certain parts of the tables in IS: 800-1956, it is difficult to inter- 
polate properly. To overcome this deficiency elaborate tables showing 
permissible stresses for closer intervals of Ijh { or l/Ty ) and djtf { or -djte ) 
{see Tables II and III on p. 172 and 174) are given in this handbook. 
Examples of the apphcation of Table II are given in Design Example 1. 
Example of the application of Table III is given in Design Example 10. 
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7. DEFLECTION REQUIREMENTS 

7.1 Recommended deflection limitations for beams and plate girders are 
given in 20.4 of IS: 800-1956. When rigid elements are attached to beams 
or girders, the specification calls for a maximum deflection of not more 
than 1/325 of the span. However, this may be exceeded in cases where 
no damage due to deflection is possible. 

7.2 If a structure is subject to vibration or shock impulses, it may be desir- 
able to maintain reasonable deflection limits such as will produce a siifi 
structure less apt to vibrate and ghake appreciably. For example, exces- 
sive deflection in crane runway support girders will lead to uneven up and 
down motion of the crane as it proceeds down the building. Impact stresses 
in such case would be increased. 

7.3 Possibility of excessive deflection will arise when a rather long span 
carries a very light load for which a relatively small beam size is required. 
Such a situation might exist, for example, in a foot bridge. The matter 
of deflections is very largely left up to the judgement of the engineer. 

7.4 Very lon^ beams subject to large deflections, such as the open joist 
type, are usually cambered so that unsightly sag will not be noticeable 
when the beams are fully loaded. 

8. SHEAR STRESS IN BEAMS 

8.1 The subject of shear stress, has been discussed in Section I. It is to 
be noted that in the case of rolled beams and channels the design shear 
is to be figured as the average shear obtained by dividing the total shear 
by the total area of the web computed as {d) (/„,). In more complex beam 
problems such as those with cross-section unsymmetrical about the X-X 
axis, the more exact expression for the calculation of shear stress or shear 
per running metre should be used. The more exact expression should also 
be used in calculating horizontal transfer of shear by means of rivets or 
welds. The design example will illustrate these calculations. 



9. WEB CRIPPLING AND BUCKLING 

9.1 When a beam is supported by bearing pads or when it carries concen- 
trated loads, such as columns, it shall be checked for safety against web 
crippling and web buckling. If the beam web alone is adequate, bearing 
.stiffeners need not be added. Web crippling is a loc^l failure which con- 
sists of crushing and local plastic buckling of the web immediately adjacent 
to a concentration of load. The load is assumed to spread or ' disperse ' 
at an angle of 30° ( see 20.5.4 of IS: 800-1956 ) as it goes through the flange 
and on out to the flat of the web at the line of tangency to the flange fillets. 
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The bearing stress of 1 890 kg/cm^ that is allowed may result in minor 
localized plastic now but provides a safe and reasonable basis for checking 
the design of this detail. In addition to the possibility of local crushing 
or crippling there is also the problem of general l)uckhng of the web plate 
above a support or below a localized load. The web is assumed to act 
as a column with reduced length. A beam that is safe with respect to web 
crippling will usually be safe as well with respect to this type of web 
buckling. 

These and other details of the design will be demonstrated in Design 
Example 1. 

10. END CONNECTIONS AND BEARING PLATE DESIGN 

10.1 If the end of the beam is supported directly on masonry without 
bearing plates, the local bending strength of the beam flanges should be 
checked to make sure that they may transfer the load from the local region 
under the web to the outer parts of the flange. The flanges of the beam 
act as small cantilevers to carry the permissible allowable load transmitted 
by the masonry without excessive stress. With stress thus limited they 
will be rigid enough to distribute the load to the masonry. If the flange 
were overstressed in bending, the load would be concentrated immediately 
below the web and local crushing of the masonry with possible subsequent 
cracks would result. The connection of the end of a beam to a column 
or girder may be either by means of web angles or top and bottom angles 
or by a combination of both. When a web angle connection frames to a 
beam or column web with beams entering from both sides and utilizing 
^common rivets or bolts, it is desirable to add erection seats since it is difficult 
to hold both beams in place while rivets or bolts are being fitted. In 
general the engineer should carefully visualize just how the beam will be 
put in place during erection and make sure that a proper choice as to field 
or shop rivets is made so that erection will be facilitated. In the case of 
welded connections, there shall be provided a simple bolted erection plate 
or angle to hold the beam in place while field connections are being welded. 

n. DESIGN EXAMPLE OF TLOOR BEAM FRAMING 

11.1 The illustrative design example of floor beam framing showing the 
design of rolled beams is worked out in the following 17 sheets { see Design 
Example 1 ). 



31 



IS! HANDBOOK FOR STRUCTURAL ENGINEERS: STEEL BEAMS AND PLATE GIRDERS 



Design Example 1 — Floor Beam Framing 

This sheet shows the framing plan for the beams and columns supporting a milt 
building loft and illustrates most of the typical situations that might be encountered. 
The design cakuiaiions of the beams are shown 
on the subsequent sheets. 



Design Example I 



Framing Plan an4 Sactlon 



of 
17 




SECTION XX 



•1 of 17 means that this Design Example has 17 sheets in all, of which this is the first sheet. 
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Design Example i 



Design of Beams B, tk B^ 



2 

of 

17 



Initially, this sheet presents loading require- 
ments for both dead and live loads. In addition 
to the' distributed live load of 735 kgjm*, the 
design is to include consideration of a 5-tqnne 
' foving' load that may he placed over any 
15 X 1-5 m area. ( This will permit the installation of a heavy piece of machinery on the 
floor but will rule out putting two such pieces of equipment tn close proximity.) The 
first beams that shall be designed are tho.se that do not receive reactive loads from other 
-beams framing into them. Since floor dead load and the disirtbuted live load both 
contribute uniform load per lineal metre to beams B^ or H^, the bending moment due 
to this load is calculated separately . The roving distributed load of 3 tonnes is first 
placed at the centre of the beam for maximum moment. The concrete slab encloses 
both sides of the top flange thereby providing adequate lateral support and the full 
permissible stress of 1 575 kgjcm* is permitted. The required section modulus is 
then determined and by reference to Table I (see p. 169) it is immediately seen that 
ISLB 450 beam would be satisfactory. The maximum shear is checked by moving 
the roving load to the end of the beam. 



Sketch on Sheet 1 ^hows a plan and cross-sectional elevation of an industrial 
building. The end floor will carry a 12-cm RCC slab with 25 cm wearing surface 
added and will be designed for a live load of 735 kg/m* plus a 5-t load that may 
be placed over a 1-5 X IS m area in any location. Exterior wall beams will 
support 670 kg per lineal metre in addition to any floor load they receive. The 
stairways are to be designed for 73 S kg/m^. 

Use IS: 800-1956 
BEAM Bi or B, 

DL of slab { including 
•^■»-*| . wearing surface ) ^ 370 kg/m* 

\ /-a-aa/* Live load = 735 kg/m' 

1 105 kg/m»' 
Load per metre length 

of beam being spac- ^ *fxc ^ •> 

ed at 2 m apart - -^^^^ = 2 21 t/m 



E 



tint. 



St — ^^U-H5«-*) 



Assume beam weight = 75 kg/m = 0-075 t/m 

w = 2-285 t/m 

BM @ t > ?f = ^J?^J^ = ,2-06 m-t 

or 1 206 cm- 1 
5x6-5 2-5x075 
2 



1000 



Due to roving load. BM @ <t = 



2x2 
= 7- 188 m-t or 718-8 cm-t 
Provide lateral support 

Total Max bending moment, 1 206 + 719 = 1 925 cm-t 

Required Z=^=L^.^^==, 222 cm. 

Referring to Table I: Choose ISLB 450, 653 kg— 1 223 8 — Z 

»--mX^i% ^-3-aa/m 

^^XCTLtn I millMH 




Check shear value 

2 285x6 5* 



5x5-75 
6-5 



= 11 85 < 36 6 t OK. 
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Design Example 



Beam B, 
Preliminary Design 



3 
of 



Beam B^ may now be designed since the 
reactions it receives as.loads B^ and B^ or simi- 
lar beams have now been determined. These 
reactions are introduced, however, without the 
roving load since this will he moved directlv on 
the beam B^ in its design. The required sec- 
tion modulus of 4 432 cm'^ turns out to be higher than any IS rolled sections. One 
may either use an imported beam of greater depth or add top and bottom cover plates 
to strengthen ISWB 600. 145- 1 kg section. This latter course is adopted and the 
estimate of dead weight of the beam itself is revised. It is noted that when the sec- 
tion is deepened by virtue of the welded plates, the contribution of the ISWB 600 to 
the total Z value is reduced and the reduction is estimated by multiplying by the ratio 
of depths before and after welding the cover plates. Final design check will be by 
moment of inertia procedure. 

Combined B^ and B^ reactions ( without roving load ) = 2285 X — X 2 

-14-9 t 
Assume beam weight = 140 kg/m 

Ma;«;BMis@<t 014 X (8)* 

M^ { due to beam weight )= ~-^-L- = 11 mt 

8 

Mr - ~^(4) - 14-9{2) = 59-6 m-t 

BM ( roving load ) = 2Sx4-2-5x ^ - 9- 1 m-t 



M^ (total) = 69-8 mt 

98000 
1 575 



Z required = ^?^ = 4 432 cm' 






No rolled section is available with 
this section modulus, so an ISWB 

600, 145 1 kg section with welded | .■■-... - , 

cover plates ( top and bottom ) will "i | ^ 

be adopted. 1* •" *• 

Assume new weight of beam with cover plate = 200 kg/m 

M^=^^ = ,.6 m-t 

M. = l-6 + 59'6+9-l = 70-3 m-t 

' 7 030 000 ^ ,^^ . 

Z =^ — ■ =- 4 460 cm3 

Assuming that 1 of 2-cm thick cover plates will be required, the approximate Z 
contributed by ISWB 600, 1451 kg will be: 

3 854 X ^: = 3 700 cm» 
62-4 

.-. Z required in plates = 4 460-3 700 = 760 cm» 

Approximate* area required in -y^Q 

one-flange plate = - — — 

2 X j1 

= 12-3 cm» 
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Design Example I 



In order to determine the length of cover plate 
that is required, in view of the roving load, 
^t is now necessary to draw to scale the envelope 
of various moment diagrams that are possible 
with the roving load tn different positions along 
the span. The envelope of bending moment dia- 
grams, plotted at ike bottom of this sheet, indicates that the theoretical length of the cover 
plates ivill be about 2-26 m but in order to develop the plate at its ends it is customary 
to add a little more at each end making the total length approximately 28 m. 



Beam B, 
Cover Plate Length 



4 

of 

17 



Length of Cover Plate 

A quick method which is accurate enough for practical purposes is to draw the 
diagram of 'maximum moments* and scale the points which the ISWB 600 may- 
take in moment. 

Trial loadings for maximum moments with roving loads at \. | and Centre Points 

of beam 

The maximum moment at a section is when the roving load is at the Section. 




k9t )4.«t 14.9 1 



-^ 



Assume dead load = 200 kg/ra 

M,^=0-2{4)(2) -0-2(2) (1) = 1-2 m-t 

For B-i, JSj reactions and 
roving load 

i?i= 22-35+ ~= 2610 t 



BM at i Point due to 
Bi, Sj and roving load 

^ = 261{2)-2-5{0-75) = 51-26 m-t 

' Total Max BM at 

\ Point Mti = 52-46 m-t 



Hi - 22-35 + 5x1 = 25-47 t 

BM {at I point) = 25-47{3) -2-5^^)-14-9x 1 

= 60-57 m-t 
M,j(at|point) =Af^ + 60-57= 1-2 + 60-57 = 61-8 m-t 
Total Max BM at Centre Point, 

M^3 {see Sheet 3) = 70-3 m-t 

ISWB 600 moment capacity- 3 854xl_575 

^ ^ 100x1 000 o"D ™i^ 

Theoretical length required = 2(113) = 2-26 mt 

For making allowance for the customary extra 
length required on either side, adopt 2-8 m. 




SYMMETRICAL ASOUl 
CENTRE, UN£ 



Envelope of the Bending 

Moment Diagram Showing 

Theoretical Length of Cover 

Plate Required 
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Beam B, 
Welding Cover Pl«tet 



5 
of 
M 



Flange plates 19 0x06 cm are tried and 
the moment of inertia calculated. The welds 
attaching the cover plate to the beam shall now 
be determined and since the weld requirement is 
a function of maximum shear, the roving load 
is put in a position that will produce the maxi- 
mum shear near the end of the cover plaie. The horizontal shear to be transferred is 
determined by E^ 7 {see p. 24) [multiplying both sides by t to obtain the total shear 
transfer (/j) per linear centimetre]. 



Design Example 



ISMI jt 




7T 



Ji 



».OciiiL 



Approximate area required in each cover plate 
{see Sheet 3) = 12-3 cm* 

Try 2 plates, 190 X (Hi cm 
Area of one plate =11-4 cm* 
/ of Trover plate = 2(11-4) (30-3)* = 21 000 cm* 
/ of ISWB 600 = US 627 cm* 
Total 
136 627 



Zt = 



30-6 



= 136 627 cm* 
= 4 470 cm»>4 460 required OK. 



Determine Fmax @ location 1. (Tiiis 
is approximate calculation and is con- 
sidered OK for practical purposes.) 

Fni«= 22-354-5 x^'^^ 



8 



25-63 t 




Approximate total weight of section 145 + 18= 163 kg/m 
Total Fmax= 25-6 +4(0-1 63) = 26- 25 t 

Actual horizontal shear per linear centimetre: 
VAcY 26 25 xl 1-4 X 30-3 



136 627 



0066 5 t/cm 



Use 60-mm fillet weld intermittent {see 6.2.2.1 & Table I of IS: 81o-1956). 
Working load/cm length = 6(0-7) (1 025) 

= 430 kg/cm (referring to 6.2.3. Table II, 7.1 and 
Table III of IS: 816-1956) 

Minimum length of weld ^4x60 = 24 mm (see 6.2.4.1 of 15:816-1956) 

Use 2-5 cm length 

Working strength of 60-mm weld 25 mm long, 2 sides = 2x2-5x430 

= 2150 kg 0*^215 t 



L-j LI 



'2S «M LONC, 
- aiw WELD 



hdj 



c/c spacing == X 
0066 5 X = 215 

X 2^5 

00665" 
S « 32 4 - 2-5 « 29-9 cm 



= 32-4 cm 
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SECTION U: DESIGN OF KOLLED BEAMS 



Design Example I 



Beam B, 
Welding Cover Plates 



4 

of 

n 



Since it is uneconomical of the welder's lime 
as well as being less efiicient to start and stop 
new melds, the length of weld in each intermittent 
section should be as long as possible in keeping 
with the requirement of the space thickness 
ratio. Thus, in the light of all of these factors, 
2'5 cm long 6~mm fillet welds spaced 18-5 cm centre to centre are chosen. At the end 
of the plate, a continuous weld for a 16-cm length of plate is used so as to fully develop 
the cover plate at the point where it begins to be needed. 



Required 5 by 6.2.6.2 of 15:816-1956 

So that S/f ^ 16 

5 = 16 (0-6) = 9-6 cm < 29-9 cm 
Hence adopt 9-5 cm clear spacing. 
Weld strength at ends of cover 
plate to develop strength of plate 
{see 20.5.1 of IS: 800-1956): 



-COVfP PLATES 

J«0 X I* « O.t rm 
(.TOP *ND BOTTOM) 



Plate strength == 0-6x19x1 -575 
= 17-96 t 
17-96 
0-43 
41-75-19* 



L = 



= 41-75 cm 



-11-37 cm. 
or say 12 cm 




I 1 



SECTrON 



PARTIAL PLAN 

It may be observed that with 6-0-ram intermittent fillet weld at 2-5-cm length, 
though the required spacing is 29-9 cm clear, the minimum Code (IS; 816-1956) 
requirement of 96 cm corresponding to 0-6 cm thickness of cover plate has to be 
adopted. Thus, there is still some waste in weld. Also some special precautions 
are to be taken while welding {see 6.2.5 of IS: 816-1956). These may be overcome 
by redesigning the cover plate thickness. 

Choose 2 plates of 12-SxlO cm. 
Area of 1 plate =12-5 era* 
/ of cover plate = 2 (12-5) (30-5)» ^ 23 256 cm* 
I of ISWB 600 = 115 627 cm* 



138 883 
30-8 



138 883 cm* 



= 4 480 cm' > 4 460 cm' required. 



Using 6-0-nira weld at 25 itim length, the required spacing as worked out al- 
ready is 29-9 cm clear. Code requirement = 16 t = 16 (1-0) t= 160 t 
Use a clear spacing of 16 cm. 

At ends. tL^lzill:^ = 14-62 or 15 cm length to be welded 

Check shear valttes. 

Loading for Fmax is as shown in the sketch 



Si '*'*' i*.»l 14.* t 

iWJ 1 I 



/?!= Fmax^ 22-35 + 5 



(^-^) +0163 (4) 



= 27-53 < 66-9 t, shear value of the 
Section ISWB 600 OK. 



♦Width of cover plate. 
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Design Example I 



Beam B, 
Bearing 
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. The beam is assumed to rest on a bearing 
plate set in the masonry wall with an assumed 
length of bearing equal to 15 cm. Similarly, 
at the opposite end, the beam rests on the 15 cm 
outstanding leg of a seat angle. A t either end 
-the check as to web crushing or crippling is 
similar and the sketch shows how the load is assumed to be dispersed upwards from 
the bearing plate through a distance equal to the flange thickness plus the fillet radius 
for a distance Aj= 4'6 cm. Thus, the total effective length of web resisting local crip- 
pling is found to be 22-9 cm. The bearing stress is less than that permitted by the 
specification so we now turn to a check on the web buckling. The specification stipulates 
that no bearing stiffener is needed at points of local support provided the buckling re- 
quirements are met. The beam is found to be amply strong with respect to buckling 
to resist the maximum end reaction of 27-53 tonnes without any bearing stiffeners. 



Check web crushing (crippling) 




L rsoxiso mm tCAt 

-MASONSV 




COLUMN WCI 



Angle of load dispersion = 30° {see 20.5.4 of IS: 800-1956) 

Referring to Table I of ISI Handbook for Structural Engineers: 1. Structural Steel 
Sections 

hi = depth of intersections of web to flange fillets = 50-79 cm 

hi = 4-6 cm 

b {see sketch above) = 15+4-6 cot 30' = 22-95 cm 

I^max= 27-53 {,see Sheet 6); Web thickness, tw = 11-8 mm 

Bearing stress = 7,Vo,wi 1^ = 1 015 kg/cm" < 1 890 kg/cm^ 
(22-95) (1-18) (^eg 9,4 ^f is: 800-1956) 

Check for buckling 

Allowable reactions with no stiffener = FctB {see 20.7.2.1 of IS:' 800-1956) 

lly = ^V3 = 64-5; Fc = 1 068 kg/cm» 

Assuming 13 cm as stifi length of bearing for 150 cm seat angle: 

B = 13+ ^- = 43 cm; Allowable i? = 1 068 (M8) (43) 

= 54 > 27-53 OK. 

Buckling strength at masonry support is safe, the stifi length of bearing being 
15 cm > 13 cm OK. 
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SECTION II : DESIGN OF ROLLED BEAMS 



Design Example 1 



Beam B, — Deflection 8t 
Design of Bearing Plate 
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On the assumption that the designer wishes 
to comply with the optional specification re- 
quirement that the allowable deflection be less 
than }f325 of the span length, this deflection is 
now calculated and is found to be well within 
the requirement. Then the bearing plate at the 
masonry supported end is designed. For the l5-cm length of bearing used, a 34-cm 
width is required. It would be more economical to use a more nearly square plate, 
requiring a smaller thickness, but it has been assumed that the available bearing length 
is limited to 15 cm. There is no question of failure but it is desired to -provide a bearing 
plate stiff enough to spread the load to the masonry and prevent local cracks. 





I 1 r" 


1 ' 




1 


nTTn 




"■■"-- ~. 


< 


— - 




« 


— . — _i — _ 




— » 



Loading sketch for maximum deflec- 
tion is shown here. 

Assuming 5 t load as a concentrated 
load, the loading may be considered as 
14-9 t, 19-9 t and 149 t. 



Due to central load Sc = 

Due to the two quar- r 
ter point loads S'j = 



48 £/ 



24 El 



(312 -4a*) 



jE = 205x10* kg/cm* (corresponding to 13 000 tons/in.'; 

By Method of Superposition: 

. _ 1 9-9 X (800)" X 1000 14-9 x (200) x 1 000 



48 (2 050 000) 137 953 24 (2 050 000) 137 953. 
= 1-52 cm 
Limiting deflection = 1/325 span {see 20.4.1 of IS; 800-1956) 

- |g = 2-46 > 1-52 OK. 



(3x800= -4 X 200») 



Beam bearing plate 
Assume allowable masonry 
bearing stress 

27-53 



Area required = 



500 



0055 



- 55 kg/cm* 
= 500 cm» 



b=1715cm 



B = -r=- — 33-3 cm, or say 34 cm 

b =- 118 + 2 (4-6 cot 30°) (based 
on 30° dispersal of web load 
through flange plus fillet) 
- 1715 cm 







"J 

s34cm— H 



^c 



P, = t 



27-53x1 000 



34x15 



= 54 kg/cm» 



J, 27-53x1000 ,n^. , , . 

Pi = -i^r-^-TT- = 107-1 kg/cm« 



171x15 

M@<t= 17 (54) (8-5)- 



171 



(107) 



(^) = 



3 929 cmkg (taking a 1-cm strip) 



Mil = fly and / permissible 1 890 kg/cm* {see 9.2.3 of IS : 800-1956) 
1 890 = ^ %2^^ ,or t = 3-53 cm 
Use 15x34x3-6 cm bearing plate. 
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Design Example 



Beam B^ 
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Beam B^ iS assumed to cantilever over column 
line 2 and this column is turned 90^ io that 
the beam web and columv web will be directly in 
line, thus providing the simplest arrangement 
for sii/fi tiers if required at this support. It 
should he noted that in introducing the reaction 
of beam /i„ the live load is enttrely omitted as the maximum positive bending moment 
would be for this condition. .41 the xnlerior column, reaction point, designated as i?,, 
the framed ends of beam B^^ provide a partial stiffener and it will be assumed that local 
web bucklxHg will be prevented. The bearing plate between the column and the beam 
will not be designed as reference may be made to I SI Handbook for Structural Engineers 
3: Steel Columns and Struts for the design of similar bearing plates at a column base. 



-c 



7 ;; i ^"T 



2-541 



-•m- 



'^ZA 



{ It may be noted that the beam loads at 
the supports are not shown as these will 
not affect the BM and SF diagrams.) 



BEAMWT Mf9\ 
200kg/m-7 I 



2-54t 




Assume B^j weight = 20 kg/m 

Dead load of slab = 370 kg/m« {see Sheet 2) 

B,j reaction j.y. /^.cv 

( from two sides ) = ^ ^ ^ ^ ^ 370 + 20 x 65 kg 

= 254 t 
Assume B^ weight as 200 kg/m 

200x3x10 ^^^, 
Ri = g -= 750 kg 

ff , = 1 250 kg 
BM at midway \ = 0-750 X 400 - 0-2 X 4 X 200 
between supports j = 140 cm-t 
«, due to other Io.ds ^3(14j)j41 + 5( 4) -2.5412) ^ ^j.^, ^ 

O 

Mt due to other loads= 2549(4) -14-9(2) -2-5(0-37S) = 7 122 cm-t 
Mt due to B^ weight = 140 

-7 7 262 .^^^ . 

Z = J — = say 4 610 cm» 

Use ISWB 600, 133-7 kg with cover plate. Design of cover plate will not be 
shown here. It may be noted that in the design of beain B^, the area required 
in the cover plates was small, as ISWB 600, 1451 kg was adopted, and resulted 
in uneconomical welding details. Hence for beam J?*, ISWB 600, 133-7 kg with 
cover plate is recommended. This will also result in a lesser overall weight of 
beam JSf, than when. ISWB 600. 145- 1 kg with cover plates is used. Beam J5, 
also could be designed with ISWB 600, 133-7 kg with cover plates. 
Check shear value. 

The loading sketch for maximum shear at B^a is as shown above. 
1-25-1^ (3x1 9-9x4 + 5x7-25) -2-42(2) -2-54 



= /f,-2-54 = 



8 



- 28-8 < 63-S t ( Shear capacity of ISWB 600. 133-3 kg ) 
Check wfb crushing 

It may be noted that for maximum shear in B^, the reaction of beam Bj, should 
include livp load which was omitted while determining the maximum possible 
moment on B^. The maximum ^hear with this correction is 38-4 tonnes ( see 
Sheet 10) which is still less than the shear capacity of the beam ISWB 600 de- 
signed OK. 
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SECTION n: DESIGN OF ROLLED BEAMS 



In checking the local web crippling at /?, 
the full live load is introduced into the reaction 
of Bn as this will produce the maximum i?j 
reaction. The bearing stress in the web is 
considerably less than the permissible value. 



Design Example 1 



Beam B4 — Bearing 
Stress in Web 



10 
of 
17 



Assuming ISHB 300 as shown in the sketch at the bottom, for the column: 
Load dispersion = 30° {see 20.5.4 of IS: 800-1956 ) 

A, = 2-51 cm ( see Table I of ISI Handbook for Structural Engi- 
neers: 1. Structural Steel Sections ) 
b = 30+2(2-5 cot 30° ) = 38-7 cm 
Reactions on this column will include B^ reactions, as they frame into B^ at this 

support. 
The two J?!, reactions approximately = 14-9 t { same as Bi ) 



300k«/m 



t 



7 1 I i 



7-3 1 

. nrrrt 

in 



For Max i?,: 

The reaction from Bi 

Due to dead load 



should include live load also. 

^ 2-5 t ( see Sheet 9 ) 



Due to live load = ^^^^**'^^ 0-735*- 4-8 t 

Total = tTT 
Rt = [3(14-9)(4) + 5(9-25)+0-2(10)5 + 7-2{10)]^8 

= 38-4 t 
Total R = 38-4H-14-9 = 53-3 t 

_^ . ^_ 53-3x1000 
Beanng stress =3^;^^^.pj^ 

= t 542 kg/cm» < 1 890 kg/cm» permissible OK. 

Buckling load not to be checked due to stiffening effect of Bjj connections. 
Check section for moment at cantilever. 




Assuming no cover plate at cantilever support: 

w == 0-134 t/m ( weight of ISWB 600, 133-7 kg ) 
M = 7-3(2)4-0-134(2) 1 + 5(1-25) = 2 152 cmt 
2 152x1000 



Z = 



1575 



= 1 370 cm* < 3 540 cm* OK. 



•Live load. 
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Design Example 



The design of beam B^ introduces the problem 
of the lack of lateral support. For 6 m, this 
beam supports the exterior wall but has no effec- 
tive lateral bracing because it is adjacent to 
the open area at the end of the building. Beam 
Bii provides effective lateral bracing.at a point. 
Thus, while the bending moments are calculated on the basis of the full 8 m length an 
effective length of 6 m is used to determine the permissible stress. 



Beam B, 
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r 



r 




St ROLLING LOAD 



The 5-t roving load is first distributed to B^ and B^^, 

o ^ . 5x1-25 

j5.. share is 

" 2 

, ,^. 5x1-25 „ . 5x1-25 5-75 

The effect of this ;.— on B^ is — x—^- 

Z Z 6 

Bii reaction on B^ 

Exterior partition load = 670 kg/m 
Assume beam weight = 75 kg/m 



j-— }«n — 



y-748 kg /I 

I I I I I ,1 : 



MM 



SHEAR HAORAM 



Uniform load = 745 kg/m 
R^^ Vj_ = 6-S (I) + 0-745x4 

= 4-87 + 2-980= 7-85 t 
Armax=7-85(2) -0-745(2) (l}-14-2 m-t 
Effective / = 6 m ( unsupported span 
against lateral bending ) 
Try ISWB 400, 
Z - 1 171-3 cm^; S = 32-5 t 

Ijb^ -1^-^30;'^/ = 13-0 

b = 200 wt = 66-7 kg/m 

F/, = 1 142 kg/cm" ( see Table II on p. 172) 

1 420 ono 
Required Z = ~ {'^^ = 1 240 cm» > 1 171-3 provided 

Hence another trial. 
Try ISMB 450. 72-4 kg ( The next higher section from Table I on p. 169 ) 

Fj, = 889 kg/m^ 



^^S^f^^^^^oHD.. 




aENDWG MOMENT 
DtAGRAM 



by ISWB 400. 



'/-^o=« 



^/'/=^,=2« 



1 4.0 ri fiAn 
Required Z = —^^ — = 1 600 > 1 3507 — No Good. 



889 
Try ISLB 500, 750 kg; Z* = 1 543-8 

tf = 14-1 mm & = 180 



V = 43-47 wt = 75-0 kg/m 



;// ^00 „ . 



500 ,,^ 
m = 1471 = 35-7 



Fb = 927 kg/cm^ ( see Table II on p. 172 ) 

Required Z = ^-^^^ = 1 532 cm^* < 1 543 OK. 

Beam weight assumed previously is OK, 
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Design Example I 



Beams B,p Bg & Bi, 
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Border beams B, and B^ are now designed. 
These carry end reactions from beams B^ 
amounting to half of the similar loads on beams 
Bj and B^. These beams also carry the exterior 
wall and they are not assumed as completely 
supported laterally, since the floor slab encases 
only one side of the flange. However, on the basis of the unsupported length of 2 m, 
no stress reduction is found necessary. 

Beams Bn, Bj, and B^^ will now be designed in sequence. Although these do not 
introduce selection problems, they are included to illustrate the calculation of loads 
and reactionr> on interrelated beams. The design of beam B^ is routine. 






-600 kqlm 



MtV = 



800x8'xlOQ 
8 



Assume beam weight =130 kg/m 
Exterior partition load as in 

Sheet 11 = 670 kg/m 

Total uniform load w = 800 kg/m 

= 640 000 cm- kg 



BM (due to Bi reactions) = 11-1 (4) -7-4 (2) - 2 960 000 cmkg 
BM (due to 5 ft 

roving load) = 25 (4) -2-5 (0-375) = 906 300 cmkg 

BM (total) = 4 506 300 cm kg 

Effective length =: 2 m 

It is likely Fj, = 1 575 kg/cm* as the beam is supported laterally at fairly close 
intervals. 

Required Z = -yf^ = 2 860 cm« 

From Table I on p. 169, choose ISMB 600, 122-6 kg ^^ ^ ^~'"'~t^""~~^w';^ 
Z = 3 060-4 b = 210 tf = 20-8 mm II I I T I I M I i I T^nZC 
//6 = 200 



21 



9-5 



./.= ^3=« 



From Table II {see p. 172) F^, = 1 575 kg/cm= as assumed. 

Hence OK. 
Check shear value 

V = 111 4- C-800X4 + 5 (^) 

= 19 t < 680 t OK. 



I I 1 VW\ I g 

\0m «-5 m W^ 



4.5 m 

POSITION OF LOAD FOB MAX MOMENT 

fvvf'\ I I I 

\m ~_4-Sm 

POSITION OF LOAD FOR MAX SHEAR 



5 



Beam B^ 

Assume beam weight = 60 kg/m 

w = (Dead load + Live load, 

see Sheet 2) =2 210 kg/m 

Total = I'll t/m 

(Routine design) Use ISLB 325, 43-t kg. 
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Design Example 



Beams B^^ & Bi, 
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Since beam B^^ is adjacent to the stair well 
and carries a floor slab on one side only, it is 
assumed that the unsupported length is 2 m. 
Beam B^ is of interest because of the loading. 
It is assumed that a stairway starts at this level 
and runs to the ground floor below. Thus, at 
an assumed dead load plus live load of 1 200 ftgfm* one-half of the total supported stair 
load is assumed to rest 2 m from the end of beam B^f. Although the shear and 
moment diagram for this beam might well have been drawn, it is quicker to calculate 
the bending moment at the centre line and at the point of had concentration. One 
of these two will be very close to the maximum and will be a satisfactory basis for design. 



In^rrml 



It' 



Beam Bj, 

B,, reaction ( due to 
dead load and live loald ) = 2-25 (2-27) 
= 5-11 t 
Use ISLB 450. 65-3 kg. 



Beam B^^ 
Assume beam weight = 90 kg/m 
Stairs: DL + LL =- 1 200 kg/m« 
1 200 X 6/2 { see plan 
on Sheet 1 ) = 3 600 kg/n 

i panel load ( see 
Sheet 1 ) 1 (1 105) -= 1 105 kg/m 
Total = 4 705 kg/m 
or 4-7 t/ra 
Case 1 @ t: 



, 0.09tJU\ ,. Br4.5.3»t 



mum 

m am — m\ 



= 12-4 t 
BM - 12-4 {3 25) - (2-2 + 009) ^^) (^) - 2-5 (0-37) 



= 270 mt 
Case 2 @ B^ reaction point: 



4-8 X 2x1 



.. = 22 ,4.5, (t^') + (5 + 5.36, A + ,0, (^) + tl^ 

= 11-4 t 
BM =11-4 {4-5) - 2-2 + 009 (4-5) (2-25) - 2-5 (0-375) 
=. 27-2 mt 



o-o» 



-E 



•0» t/n«l 
2-2 t/mj 



• t4«S<S41 



I I I 



l 



»t- 



M I I J 



is 



«, 
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SECTION 11 : DESIGN OF ROLLED BEAMS 



The beam selected for B„ is checked for an 
unsupported length of 2 m adjacent to the 
stairway. 



Design Example 1 



Beam B, 



14 
of 
17 



Assume F^ = 1 575 kg/cm* as the unsupported length is 2 m in the stair well, 
„ . ^ ^ 2 720000 





I 575 




-= 1 733 cra» 


Try ISLB 550, 




Z, 


= 1 933-2 cm 


w 


= 86-3 kg/m 


b 


=*190 mm 


tf 


= 150 mm 


lib 


= 2*^ = 11 
19 


dftf 


- ^*^ - 33 
150 " 



-Fl, = 1 575 kg/cm* as assumed OK. 



Chech shear as before 



WT OF BEAM 



)-09t/m I 
2»a t/m J" 



-7,, 

I I I I r II 3 



a l4sS*36t 



-4-5 m 



^ 



— 2m 



4.8 t/m 
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Beams B3 & B4 

Connections with 

Stiffened Seat 
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Typical riveted connections will now he 
designed for the floor framing plan of this 
example. Generally speaking, welded connec- 
tions offer somewhat greater weight saving in 
steel than do riveted but since this will' be 
covered in ISI Handbook for Structural Engi- 
neers on Designing and Detatling Welded Joints and Connections (under preparation), 
the connections in this example will be riveted. This design sheet shows the proposed 
arrangement for a stiffened seat with an inverted top cleat making the top of the column 
flush with the top of the beayns near the bottom of the concrete floor slab. Permissible 
rivet stresses are computed on this sheet. 



Design Example I 



DESIGN OF CONNECTIONS 




Rivets: 22-0 mm (or |- in. dia) 
Gross area of rivet 



(23-0)» 



= 4-2 cm* 



4x100 

Rivet values {see 10.1 and Table IV in IS: 800-1956) 
Shop (power driven) single shear = 42 (1 025) 

= 4 300 kg 
= 8 600 kg 
= 2 360kg/cma 
= 4-2 X (945) 
= 3 969 kg 
= 7 938 kg 
= .2 125 kg/cm2 



Double shear = 2 (4 300) 
Permissible rivet bearing stress 
Field (power driven) single shear 

Double shear = 2 (3 969) 
Permissible rivet bearing stress 
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Beams B.^ & B4 

Design of Stiffened 

Seat 
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Beams B, and B^ carry their load into the 
column web by rivets common to both stiffened 
seat connections. Thus, these rivets have to 
transmit approximately twice the end reaction 
of either beam B^ or B4 and they are so calcu- 
lated. The stiffened seat connection as shown 
in Sheet 15 consists of a horizontal cleat with two vertical cleats acting as stiffener. 
It is necessary to introduce packing or filler plates equal in thickness to that of the 
horizontal seat angles. 



Design Example 1 



Maximum reaction of either B3 or B4 = 27-5 t (see Sheet 6) 

Combined reaction transmitted to colvunn = 2 (22-3) + 5 = say SO t 

Investigate first the column web in bearing, as this appears to be the most 
critical condition due to thin column web. 

Note — The reaction due to Bi^ beams are not included here as these will be connected to 
colunra flanges directly and not to web oi column section through B, or B^. 

Column is nx)t designed in this example, so assume a column web, tw = 1-0 cm 
No. of rivets to column web = (YWiTOHTrJeO) ^ ^^ ^ say 10 

Minimum thickness, /, required for any member of connection (angles, packing, 
etc ) is found as follows : 

t (2-3) (21 25) = 3-97 (field rivet bearing against single shear) 
Note — This is in accordance with good practice. 

4 300 
For shop rivet, t = - ■ .^ ,; ^ -^Tr<^ — 079 cm, use 0-8 cm for all cases. 
(2-3) (i-ioO) 

Additional Tivets for packing as required by 24.6.1 of 15:800-1956. 

r-T (2) = 10 percent, extra rivets required - - ^^ = 1 rivet 
1"0 too 

But, for the sake of symmetry, use 6 rivets in the extension of the packing as 
required in 24.6.1 of IS : 800-1956. We have already assumed ISO X ISO cm 
seat angle in Sheet 7. For adequate stiffening of the seat angle, you require at 
least 125 x 75 mm angle stiffener. The minimum thickness being 8 mm as cal- 
culated above, use 2 of 125 X 75 X 80 mm angle sections on each side of the column 
web. Effective length of outstanding leg = 125 — 10 = soy 115 cm. Bearing 
capacity of 2 legs (outstanding) = 2(11-5) (0-8) (1-890) = 34-78 > 27-5 t. 

Check rivet capacity of stiffener leg = 10(4-3) = 43 > 27-5 t OK. 

As cleat angles on top are only for lateral restraint, use a reasonable size, say .2 
of ISA 10075, 80 mm. Dimensions of packing are determined by minimum pitch of 
rivets and edge distance requirement ( see 25.2.1 and 25.4 of IS: 800-1956). I 
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Design Example I 



AlCernetive Connections 
with Web Cleat Angle 
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An alternative type of framed connection for 
the same location is designed. This is the web 
cleat angle connection as shown. Since both 
beams have common rivets framing to the 
column web it is not possible to erect them indi- 
vidually because erection bolts shall be placed 
through both beam connections and the column web at the same time. A seat angle 
for erection purposes only is added* for this connection. This type of connection is 
actually more suitable when the beam frames into a column flange as is the case for 
beams B^^ and Si,. For flange framing, the bearing is in single shear for both the 
web cleats and the column flange. An erection seat may be used if desired but it is 
not absolutely essential since each beam may be bolted in place temporarily while 
being held by the erecting equipment. 



Type: Framed connections — Apply to same joint just for illustrating the design 
factor involved. 

JB. and B« ISWB 600. 133-7 kg /. = 11-2 mm 
Gross rivet diameter =2*3 cm 



Angles to web of beam: 



275 



No. of rivets (double shear at beam web) = ^-7 = say 4 

No. of rivets for bearing against connections angle _ 
using 1-2 cm thick angles 



27-5 



No. of rivcits of bearing against beam web 

Armies to web of columns'. 

No. of rivets — single shear at column web 



2 (1-22) (2-360) (2-3) 
21 » soy 3 

275 
(112) (2-360) (2-3) 
4-5 = say 5 



No. of rivets — bearing on column web 
assuming tm ~ 1*0 cm. 



27-5 
3-969 
7-1 = 



say 8 



= 10-3, use 12. 



(2-3) (1-0) (2-125) 
This condition determines the number of rivets required. 
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DESIGN OF PLATE GIRDERS 



12. GENERAL 



12.1 When the required section modulus for a beam exceeds that avail- 
able in any standard rolled section, one of the choices available to the 
designer is to build up a beam section by riveting or welding plate and/or 
angle segments to form a 'plate' girder. Plate girders are especially 
adapted to short spans and heavy loads. Two design examples, one for 
welded plate girder and another for riveted plate girder, are given in Design 
Examples 2 and 3. In order to facilitate comparison of the two types of 
plate girders, these are designed for carrying the same loads. 

12.2 In the plate girder, the engineer is able to choose flange material and 
web material in the proper proportion to resist bending moment and shear 
respectively and he may vary the thickness of flange and web along the 
girder as the bending moments and shear vary. The design of plate gir- 
ders may be tackled under the following steps: 

a) Preliminary selection of web plate for economical depth; 

b) Trial flange selection for maximum moment; 

c) Check weight estimate; 

d) Check design by moment of inertia method; 

e) Determine flange thickness reduction points; 

f) Transfer of shear stress from web to flange; 

g) Design of bearing stiffeners; 

h) Design of intermediate stiffeners; 

i) Design of splices; and 

k) Design of connections to columns, framing beams, and/or supports. 



13. PRELIMINARY SELECTION OF WEB PLATE FOR 
ECONOMICAL DEPTH 

13.1 According to IS : 800-1956 the web depth-thickness ratio may be 
as high as 200 in a girder without longitudinal stiffeners. However^ if the 
depth thickness ratio is kept to 180 or less, the intermediate stiffeners may 
be placed considerably farther apart in the plate girder. 
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13.2 The economical web depth may be approximately determined by use 
of a formula of the type given in the following equation: 

h = K-^Mjft (S)- 

13.3 Under the radical, M is the maximum bending moment and ft is the 
maximum stress permitted which according to IS: 800-1956 would be 
1 500 kg/cm* for a laterally supported girder. K is a parameter that may 
vary from 5 to more than 6 depending on the particular conditions. 
Actually, a considerable variation in h will not change the overall weight 
of the girder a great deal since the greater flange material required in a 
girder of lesser depth is offset by the lesser moment of material in the web. 
♦Vawter and Clark propose K values of 5 for welded girders and 4*5 for 
riveted girders with stiff eners. 

13.4 To obtain the minimum weight of steel in plate girder design, several 
different depths should be used in a variety of preliminary designs to deter- 
mine the trend of weight with respect to variations in plate girder depth. 
Of course, the depth of a plate girder may infringe on head room or other 
clearance requirements and thus be limited by considerations other than 
minimum weight. 

13.5 If longitudinal stiffeners are used, the web depth-thickness ratio may 
be increased above 200, but in short span plate girders used in building 
construction use of longitudinal stiffeners introduces considerable com- 
plexity in the framing and should be avoided unless a very clear-cut weight 
saving is established. If a very long span girder of 30 metre^ or more is 
required, then the possibility of economy through use of longitudinal stif- 
feners should be investigated. Such stiffeners are commonly used in conti- 
nuous span highway bridge girders. 

14. TRIAL FLANGE SELECTION FOR MAXIMUM MOMENT 

14.1 After selecting the web depth, the preliminary selection of flange 
area is made on the basis of the common assumption that one-sixth of 
the area of the web in a welded girder or one-eighth of the web area in a 
riveted girder represents an equivalent flange area added by the web. 
The approximate moment capacity of the girder may then be given as 
follows : 

M ^hh [Af + ^) (welded) (9) 

M =fth {Af + ^) (riveted) . (10) 



•Vawter, J. AND Clark, J. G. Elementary Theory and Design oi Flexoral 
Member*. New York. John Wiley & Sons, Inc.. 1950. 
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14.2 In £q 10, h is the estimated depth centre to centre of flanges. The 
web area may be determined by using the estimate of economical web 
depth together with the maximmn permissible web depth-thickness ratio. 
In Eq 10, fb should be the estimated average allowable flange stress obtain- 
ed by multiplying the maximum allowable by hjd. The required area of 
flange material then may be determined directly as will be illustrated in 
Design Examples 2 and 3. 



15. CHECKING OF WEIGHT ESTIMATES 

15.1 After the web and flange areas have been approximately determined, 
the more accurate design weight estimate of the girder should be made. 
This may be arrived at within cl<^e enough d^ign limits by ^timating 
the weight of flange plates ( angles, if used ), and web plates and adding 
the following percentages for weights of stiffeners and other details: 

a) Welded girders ... 30 percent of web weight 

b) Riveted girders with crimped stif- 
feners ... 50 percent of web weight 

c) Riveted girders with niler plates 

Tinder all stiffeners ... 70 percent of web weight 

16. DESIGN BY MOMENT OF INERTIA METHOD 

16.1 After the weight estimate check, more accurate moment and shear 
diagrams may be drawn and the web plate thicknesses revised if necessary. 
Then the gross moment of inertia of the piat6 girders should be calculated 
at all critical sections for bending moment. Calculated bending stresses 
then should be multipUed by the ratio of gross to net area of flange as 
specified in 20.1 of IS : 800-1956. 

17. DETERMINATION OF FLANGE THICKNESS 
REDUCTION POINTS 

17.1 As illustrated in the^esign examples, the cut off points for extra cover 
plates in riveted plate girders or locations where plate thickness, width, 
or both should be reduced in welded plate girders are determined by draw- 
ing horizontal lines indicative of the various capacities of the plate girder at 
reduced sections. The cut off points are determined as at the intersections 
between these horizontal lines of moment capacity and the actual moment 
diagram or envelope of possible moment diagrams for variations in applied 
loading. As provided by IS : 800-1956, in riveted girders, cover plates should 
extend beyond their theoretical cut off points by sufficient length to develop 
one-half of the strength of the cover plate so extended and enough rivets 
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should be added at the end to develop the entire strength of the cover plate. 
In the case of welded girders where a single flange plate is used, the point 
where the reduction in flange area is made should be at least 30 cm beyond 
the theoretical point in the case of girders under primarily static loading. 
If girders are under large fluctuations of repeated stress leading to possible 
fatigue failure, the changes in flange area should be made at locations where 
ihe unit stress is at less than three-quarters of the maximum allowable 
and preferably lower. 

18. TRANSFER OF SHEAR STRESS FROM WEB TO FLANGE 

18.1 From Eq 7 on p. 24, the shear transfer per linear centimetre is deter- 
mined as fst and the rivets or welds are supplied so as to provide the 
average shear value that is required. Thus, \i s ov p is the spacing between 
intermittent welds or rivets and W or R'\5 the weld value of a single inter- 
mittent weld or rivet value respectively, the spacing is found by Eq 11 
and Eq 12. 

WI 

s = -j^ welded girder (11) 

7?/ 

p = Y^ riveted girder (12) 

In welded girders the smallest weld size is the most economical orte 
and continuous welds are preferable to intermittent welds. Here, refer- 
ence should be made to the discussion on intermittent welds in Sheet 6 of 
Design Example 1 where cover plates were applied to rolled wide flange 
sections. 



19. DESIGN OF BEARING STIFFENERS 

19.1 The function of the bearing stiffener is to transmit concentrations 
of load so as to avoid local bending failure of the flange and local crippl- 
ing or buckling of the web. When a column applies load to a girder, either 
from above or as a reaction support at the underside, bearing stiff eners 
should be supplied in pairs so that they hne up approximately with the 
flanges of the column. Thus, local .bending of the plate girder flanges and 
resulting requirement for a thick bearing pad is automatically avoided. 
When the end of a plate girder is supported by a bearing pad and masonry 
wall, a single pair of bearing stiff eners may be sufficient but the bearing- 
plate shall be thick enough to distribute the local bending loads without 
causing excessive bending stress in the flanges. 

Initially the selection of stiffeners is usually made on the basis of local 
permissible contact bearing pressure of 1 890 kg/cm^ at the points of 
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bearing contact between the outstanding parts of the bearing stiffeners 
and the flanges. The bearing stiffeners may either be cut locally to clear 
the angle fillets in the riveted girder or welds in the welded girder. 

Welds or rivets shall be supplied to transfer the total load from the 
bearing stiffeners into the web. The bearing stiffeners together with the 
web plate shall be designed as a column with an equivalent reduced slender- 
ness ratio. In the case of riveted bearing stiffeners, filler plates shall be 
used. 



20. DESIGN OF INTERMEDIATE STIFFENERS 

20,1 The primary purpose of the intermediate stiffener is to prevent the 
web plate from buckling under a complex and variable stress situation 
resulting from combined shear and bending moment. Obviously compres- 
sion stress predominates in the upper part of the girder. By breaking the 
web plate up into small panels supported along the lines of the stiffeners, 
the resistance of the plate to buckling under the complex stress pattern 
is measurably increased and the code design rules provide a conservative 
design basis. Intermediate stiffeners have a secondary function not gene- 
rally recognized in that, if fitted against the flanges at top and bottom, 
they maintain the original 90° angle between flange and web. Some 
designers do not require the intermediate stiffeners to be against the flanges 
and this is probably unnecessary if the girder is adequately braced lateral- 
ly along the compression flange. The stiffeners may perform their function 
with regard to web buckling without being fitted. However, if the girder 
is laterally unsupported or is subject to torsion due to any cause, there will 
be a tendency of the flanges to deflect laterally and independently of the 
web. This will cause local bending stress at the juncture between web 
and flange and will also reduce effectively the torsional resistance of the 
plate girder, which is important both with respect to lateral buckling and 
combined bending and torsion. Therefore, it would be good practice in 
the case of laterally unsupported girders to make all intermediate stiffeners 
fitted by adequately tack welding against both compression and tension 
Ganges. 



21. DESIGN OF SPLICES 

21.1 Long simple span plate girders or continuous plate girders with seg- 
ments too long to ship or handle conveniently during erection shall be 
spliced. Preferably, splices should be located away from points of maxi- 
mum bending moment. The problem is much more complex in the riveted 
girder than in the welded girder where simple butt welds are fully effective 
in essentially providing a continuous plate for either web or flange. In 
the riveted plate girders spliced plate material shall be added on both 
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sides of web and flange at splice points. Splice design procedure will be 
illustrated in Design Example 2. 

22. DESIGN OF END CONNECTIONS 

22.1 The design of end connections is essentiaUy the same as for rolled 
beams. Web plates or angles may be used in welded and riveted girders 
respectively and stiffened seats may also be used. If the connection is to a 
column web by means of web angles or plates, an erection seat should 
always be provided to support the girder while the main connection is being 
made. 

Deep plate girders framing to stiff columns are preferably supported 
by stiffened seats and flexible top angles ( for lateral support ). This 
avoids a tendency for the top of the girder to tear away from the column 
connection. End bearing stiffeners will be required in this case. 

23. DESIGN EXAMPLE OF WELDED PLATE GIRDER 

23.1 Design of a welded plate girder is illustrated in the following 15 sheets 
{see Design Example 2). 
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Design Example 2 — ^ Welded Plate Girder 

The sketch shows the general layout of loads and supports as required by the architec- 
tural- features of the building. The columns are indicated as bearing directly on the 
top flange of the girder and the top surface 
shall be left smooth to provide uniform bearing 
support. Floor beams frame into the girder 
at 2 m centre to centre. 



DMign ExampU 1 



Design FrobtMn Cited 



I 

of 
15 



tSHft300C0L' 




A welded plate girder of 13*8 m span is supported by a concrete wall at A and 
by a XSHB 350 column section at B. The girder supports columns, at two points 
and floor beams that frame at 2 m c/c, except at the extreme right where the 
oSset column and floor beam are at the same location at 1-8 m from the right end. 

The loads introduced by the floor beams and columns are as shown below: 



4<5t «t «l t944«t «t 9t m««t «.S 

I I 1 1 1 i I I 
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Design Example 2 



Bending Moment & Shear 
Forces 



2 
of 
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The uniform load on the girder together with 
a very preliminary estimate of its dead weight, 
based on experience, is transformed to equi- 
valent concentrated loads at the points of floor 
beam framing. Reactions and moments are 
computed numerically. By Eq 8 ( see p. 50), 
the economical depth of the plate girder is estimated at 185 cm. Of course, questions of 
over-all building height and clearance may have an important effect and the greater eco- 
nomy of a deeper plate girder may be offset by additional column and other material 
that might be required in other parts of the building owing to the increased over-all height. 



The girder carries a uniform load of 1-4 t/m and its dead weight is estimated 
to be 9 t/m. Therefore, total additional load ='2-3 t/m. 

Transforming the uniform load into equivalent concentrated loads at the loca- 
tions of the floor beams: 

2 x2-3 = 4-6 t1 These are suitably added to the given concentrated loads 
V shown in the bottom sketch of Sheet 1, and shear and moment 
1-8 x2-3 = 41 tj values are determined as shown in the following sketch. 



«^t 04t o>et i«%«t t3.«i n.6t \hi*Ax «*6t 

m- 2ii> -r a •» -J»— am ■li 2111 ■ ! ■ am—* •-Jm— --hSm-" 

^ 1 1 1 1 1 1 g 



REACTIONS C^onno) 146 

SHEAR (Tonntt) i39-a 125.6 II2<0 -3S.6 

MOMENT CM«tre-t«>i*ntdo 378.4 529*6 7S3-6 602<4 SS4.0 456.4 



-I3>S m: 



-4«-2 



-62 •• 



261*6 
-255*2 



Over-all depth = 



- i-m 

_ r^ / 3/753-6x1 000 xl00\ 

- ^""VV — ^^^* — / 



= 185 cm 

Assuming flange thickness = 5 cm 
Web depth = 175 cm 



*As length f)etween effective lateral supports is only 2 m, it is assumed throughout the calculations 
in this Design Example that F^ = 1 500 kg/cm.* 
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Having selected the web plate, the trial selec- 
tion for maximum flange area required is made 
as previously discussed in 14.1. 



Design Example 2 



Design of Girder 



3 

of 
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Minimum thickness of web plate to avoid use of horizontal *ne 

stifieners {see 20.6.1 and Table XI in IS: 800-1956) = — = 0-875 cm 

TRIAL FLANGE SECTION 



5 cm -I 




0*9cfi» 






Try the section shown in the sketch. 
One-3ixth of the web area may be counted as 
part of the flange area. 

180x1 500 

Assumed flange stress = r-^^ 

185 
= 1460 kg/cm 



Moment capacity 



= 1460 



xl80 



.*. 1 460^^^ + Ul^^\ 180= 753-6 X 100 X 1 000 

Af = 260-5 cm» 

Try 54 cm x 5 cm flange plate. 

Check by moment of inertia procedure 

r 0-9xl75» .«, ,wv« A 

/web = r^ = 402 000 cm* 

/flange = 2 X 270 X 90* = 4 374 OOP cm* 

4 776 000 cm* 
The moment of inertia of the flanges about their own centroid is neglected. 

Bending stress. /^ = '^^^'x92-5 = 1 460 < 1 500 kg/cm OK. 
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Design Example 2 



Design of Girder 



4 
of 
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The web plate as chosen on the basis of 
maximum depth thickness ratio of 200 is 
satisfactory throughout most of the girder but 
at the right end between the column and the 
support a thicker web plate is required as shown 
in this calculations on this sheet. It would be 
uneconomical of material to carry a heavy web throughout the whole length and a web 
splice, therefore, is introduced at the left of the 35-cm column load. Since the variation 
in dead weight has little effect on the maximum bending moment, no change is made 
in these calculations. Dead weight becomes increasingly important with increasing 
span of any given type structure. Thus, as the span increases, greater and greater 
care shall be taken in the proper estimate of dead weight. In order to save weight on 
flange material, the moments of inertia of three different tentative sections are now 
calculated embodying lesser thicknesses of flange plate than required at the location 
of maximum moment. As one assumed thinner and thinner flange thicknesses, care 
shall he taken to stay within the limit of the width-thickness ratio which shall he less 
than 16. 



Selection of Web Plates at Ends 
Left end Max shear = 139-2 t; Min area «rquired -=^ ^^^ g4S^ ^^ ^ ^^^ ^^* 
:. The area 175x0-9 == 157-5 cm». that is provided is OK. 

Right end Max shear = 255-2 t; Min area required = ^55-2x1000 ^ ^79 cm" 

945 

270 
.'. Use web plate of r=e = 1*54 = say 1-8 cm^hickncss 

Use 175x1-8 cm plate. 

The trial web selection permits the design of the bearing stiflfeners that are required 

at reactions and concentrated load points [see 30.7.2.1 (b) of IS: 800-1956] 

Check deact weight estimate 

Web area *» 1575 cm« 

Flange area » 540-0 cm" 

Stiffeners and other 

details (40 percent of 

web) = 63 cm" 

760-5 cm" 

Weight per metre = 760-5 X 0-785 = 598 kg < 900 kg OK. 

(Overly on safe side but variation has little effect on maximum BM) 

54 
Flange end section: Try s — jt = 1'7> «s® minimum 2'Cm thick plate. 
2X16 

/web =402 000 cm* 

/flange with plate 54 X 5. 2 X 270 X 90" = 4 374 000 / = 4 776 000 cm* 
„ with plate 54 X 3-6, 2 X 182-4x89-3* == 2908000 /= 3310000cm* 
„ with plate 54x2, 2x108x885" =1695 000 /-2097000cm* 

Moment capacity in metre-tonnes for: 

Plate, 54X5, Af = *''''\^^^J^ - 774 m-t 
Plates 54x3-6. M = ii^^^^^^ - S45 m-t 
Plates 54X2. M , 1^^^^ = ,52 m-t 
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A sketch showing the Bending Moment diagram ts drawn on thts sheet. 
Horizontal lines denoting the bending moment capaattes of the different flange 
sections, calculated on the previous sheet are drawn to determine the points of 
cut off in the different flange sections. 



Dibign Example 2 



Design of Gii'der 




-BENDING MOMENT CAPACITY 
SUPPUED (VARIABLE .775m.t 

FLANGE) 

n 



BENDING. MOMENT CAPACITY 

SUPPLIED (TAPERED FLANGE 

SEE SHEET 13) -7 

n 
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Design Example 2 



Bearing Stiffeners 
Under Columns 
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Bearing stiffeners are now designed. Under 
the columns, these are placed in duplicate pairs 
directly below the column flanges and 2 cm is 
deducted in the calculations from the length of 
the outstanding leg for cropping to provide weld 
clearance. The design of all-welded details in 
this example is governed by IS: 816-1956 as well as by JS: 800-1956, Thus, the 
use of intermittent welds is necessary because a smaller continuous weld, though 
adequaie, would violate requirement of being too small a weld for the plate thickness 
in question. 



Bearing Stiffeners 

If four stiffeners are used (giving metal to metal transfer through the flange), 

it might be desirable to use 20-cm stiffeners. 

20 
Minimum thickness = — = 1-25 cm (see 18.5.1.1 of 13:800-1956} 
lo 

Allow 2'0 cm for web clearance and avoidance of triaxial stress. 
Try thickness 1-3 cm. 

Bearing capacity = 4 (20-2) 1-3x1 890* = 177 t 

This represents minimum capacity desirable for the 134 t and 179 t column, 
loads but is inadequate for the right reaction : 

-F^u- 1 ,, t ■ u^ ^- 4 261-8x1 000 

Thickness required for right reaction = f = 



4 (18) X 1 890 
Use 20 X 2 cm plates. 
Check : Bearing stiffeners for strut action 

Actual shear value V for left column load = 134 t 
Area of stiffeners for web = 4 X 1*3 X 20 



= 1-95, say 2-0 cm 



= 104 cm" 



l<3 cm 




0»9€iii 



0-9 X 64-94t = 58-4 cm* 
162-4 cm* 

This column section being sup- 
ported has been assumed ISHB 
300 ( see Sheet 1 ) . The distance 
between the bearing stiffeners 
should be such that they are 
against the flanges of the column 
section. Hence, 28-94 cm c/c. 



Moment of 
inertia 



cm^ 



=- 2x13 

= 14 820 cm* 



llr = 



07x175 
9-56 



'A 
= 9-56 cm 



820 
162-4 



= 12-8 {see -20.7.2.2 of IS: 800-1956) 



From 9.1.2 and Table I in 18:800-1956. permissible stress = 1 230 kg/cm' 
;. Load capacity = 1 230 (162-4) = 200 t > 1340 t 
Thus as a strut the stifiener is OK. 



•5« ».4 of IS: 800-1956. 

tc/c distance of flangeof ISHB 300 column section being supported. 
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No need to check strut action at right load 
point since web plate there is greater than at 
left and allowable stress is not much different. 



Design Example 2 



Rigt|t Support Bearing 
Stiffeners 
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%}j/j?}}j??/^?/^}/}^//?K » 



1 



///^/^V////////«^/2Y/\ 



At right support 

Area of web = 1-8 X 72-3 
Stiffener area = 4 (20) (2) 



130 cm« 
160 cm« 



Section Properties 

, ,. ^. ^ 2x2x(41-8)» 

Moment of inertia, Ixx = 



290 cm* 



J 



12 



24 300 



290 

0-7x175 

Fc = 1 228 kg/cm> 



= 24 300 cm* 
= 915 cm 
= 13-4 



Capacity of strut = 1 228 X 290 = 356 t > 261-8 t {see Rb on Sheet 2) OK. 



W elds for stiffeners {see IS: 816-1956) 

261 -8 
Strength of weld required = ~ — r-^ = 187 kg/cm 

o X 175 
For 20-cm plate Min 
size of fillet weld = 60 "mm {see 6.2.2 of 

IS: 816-1956) 
Capacity of weld = 0-7 (0-6) (1 025) 

= 430 kg/cm {see 6.2.3 and 
7.1 of 13:816-1956) 

Use intermittent welds, 10 cm long. 

c ■ , ij . J 10x430 

Spacing c/c welds required -^ — 5-5= — = 23 cm 

lo7 

Permissible Max clear spacing = 16 X 1-8 

= 28-8 cm {see 6.2.b.2 

of 18:816-1956) 

Use 10x0-6 cm @ 23 cm c/c (staggered). 



ri 
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L«ft Support Concrete 

Wall Bearing Plata & 

Bearing Stiffenert 
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A bearing support is assumed on a 45~cm 
concrete wall at the left end to illustrate the 
design problems that are involved. A single 
pair of bearing stiffeners is used to centralize 
the load over the wall. The bearing plate will 
supply the necessary bending stiffness to dis- 
tribute the load from the bearing stiffener to the masonry support. The permissible 
stress for local bearing on masonry determines the overall area requirement for the 
bearing plate. 



Datlgii Example 2 



Bearing Plate Design 

At left support, concrete wall 45 cm thick, a jingle pair of stiffeners is desired 
to localize load near centre of wall and minimize welding. 

Local bearing stress on concrete assumed is 40 kg/cm«. 

Length of bearing plate « ^^^^.^ = 81 2 cm 



40x45 
Use 45 X 82 cm bearing plate. 

Actual masonry bearing pressure — 



146 000 



82x45 

Bending stress in bearing plate, 
allowable Fj = 1 890 kg/cm« {see 9.2.3 of IS: 800-1956) 

Moment = *-^*x 45x39-6 

» 320 000 cm kg 

Z = If?-' » 7.5/« 
o 



39-6 kg/cm» OK. 




■EAmN6>L*TC 

41 cm THICK 
CONCMETC WALL 



* 



=yr 



320 000 



4-75 cm 



, 1890x7-5 
Use 82x45x5 cm bearing plate. 



Bearing Stiffener 

.Try 24-cm plate with crop- 
ped corner to clear weld leav- 
'ing 22 cm contact length: 
146 



E 




Thickness = 



2xJ12xl-89 
tJie 24 X 1-8 cm stiffener plate. 



1-75 cm 



*0-8x27 = 21-6 



(assumed) - 



24 
1-8 



13-3 < 16 OK (see 18.4.3 and 

Table VII of 15:800-1956). 



*It is assumed that ( column load) reactioa i» unifonnly distributed on the rectangle, :0-d5 dxO-90 b 
Wbeie d and b are the dimensions of tae rectaaciUar bearing plate. 
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Design Example 2 



Intermediate Stlffenert 
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The intermediate stiffeners are put in at 
maximum permissible spacing and their ade- 
quacy according to the specification is then 
checked. It is to he noted that the depth- 
thickness ratio of the web exceeds ISO and thai 
according to 20.7.1 of IS: 800-1956 the maximum spacing is, therefore. 180 times the 
web thickness. Had the depth-thickness ratio been kept less than 180. the maximum 
spacing could have been increased to IS times the depth of the girder. This is a 
rather important point and it is possible that a smaller depth girder might have been 
slightly more economical of steel. Some studies were made as to the, possibility 
of using a still thinner web with longitudinal stiffeners hut no appreciable weight- 
saving would have resulted. Interference between the horizontal stiffener and the local 
floor beam framing connections would have increased the cost of .fabrication. 




H-Kt^c- ^""^^ = 37-8 X 0-9+48 X 1-8 = 120-42 cm« 

0...... stress = '^^V^ = ' ^'^ ^«"^'"' <» "« ^'^^ 

(Obtained with earlier stiffener design, see Sheet 7) 

Intermediate Stiffeners 

Left End and Centre Right End 

Web thickness 0-9 1-8 

175 175 

Stiffeners tn region 1-6 (left end and centre) 

175x0-9 cm piate from left end to right colurnn 
The required shear stress to be carried in the web is; 

According to Table III A of IS: 800-1956 or Table IV of this Handbook (see p. 182), 
(for the other dimension of the panel) the spacing should be 0-53 d (roughly). 

;*. Use a spacing of 0-53 x 175 = 93 cm or 90 cm, say in the region 0-1 . 

In the panel 1-2. shear = 125-6 t; Shear stress in web = ^^^^ ! ?^ 

- 793 kg/cm» 
which allows a spacing of 0-80 d (see Table III on p. 174) or 440 cm 

Note — The required spacing is 90 cm in the region from left end to location 1, and 140 cm frpm 
location 1 to location 2. Based on these figures, the actual spacing required majr be adjusted 
suitaUy to give bynunetrical spacing and good appearance. It should also be seen that ihe floor 
bea ia aspanec tioas are not interfered in any way. In tb® region 2-6, the masimum penaissibie 
spacisff of 162 cm may be used. 
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Dsslgii Example 2 



IntorniMliate StlffaiMr* 
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The required moment of inertia of the intw- 

mediate stiffeners is determined. In the 

present design, almost any reasonable selection 

of stiff ener will satisfy the moment of inertia 

requirement. Although some designers will 

prefer to use intermediate stiffeners in pairs, this is not absolutely necessary provided 

adequate support is supplied and the stiffeners are not depended upon to maintain 

the shape of the cross-section. S^me saving in steel weight could be effected here by 

using stiffeners on one side only but th^ are calM for on both sides in this design 

as representing best design practice. 



Moment of inertia of stiffeners about centre of Web should be 



d*^ 
1-5 ^ ( see 20.7.1.1 of IS; 800-1956 ) 



1-5 X 
725 cm* 



(175)' X (0-9)* 
(90)« 



Mem 



;m— -7 
122*9 cm 



0»9 cm—" 



It IS a good practice to use the outstanding leg of the stiflfener not less than 
5 cm plus 1/30 the depth of beam and its thickness 1/16 the width of the out- 
standing leg. 



.'. Stiffener widtii 



Thickness 



For 11x0-8 cm, J„ 



5-f^^- 
^ 30 

11 cm 

11 

16 

0-7 cm 

0-8 (22-9)» 
12 



= 800 cm* >725 OK. 

Stiffeners in the region 6-7 



djt 



^^ = 97-2 
1-8 ^^^ 



Spacing c = 180^33-84 
14616 



14616 cm 



c\d = 



= 0-935 



175 

Fs = 945 kg/cm« OK. 

Bearing stiffeners eliminate need of intermediate stiffeners in this region. 
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Design Example 2 



The longitudinal transfer of shear stress 
between web plate and flange plate in the various 
panels along the girder is tabulated and requi- 
site fillet welds are chosen. If the minimum 
size fillet weld permits a continuous weld 
without excessive loss in economy, such con- 
tinuous welds are desirable, and should be used in any case at the ends of the girder 
as specified in IS: 800-1956. Reference should be made to 18 {see p. 52). 



Welding of Web & 
Flange Plates 
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Welds 
From Eq 7: 



■'s It' 



U 



Thus shear per linear cm = tf^ = f^ 



I 

VQ 



X 1 000 kg/cm 



Panel 

0-1 
1-2 

2-5 

5-6 



V 

Maximum 
Shear 
tonnes 

139-2 
125-6 



cm* 



c«i* kg/cm» 



2 Fillet Welds 



6-7 



9 550 2 097 000 634 t^ mni continuous 

(2x430-5 = 861 kg/cm) 

17 385 3 310 000 656 ^95 mmx23 mm @ 32 cm c/c 

(922Sx|-^-663 kg/cm) 

U20 24 000 4 776 000 569 t^'S mm X 22 cm @ 35 cm c/c 

{922-5 x^ = 580 kg/cm) 

62-8 17 385 3 310 000 328 19-5 mmxlO cm @ 29 cm c/c 

t922-Sxg = 350 kg/cm) 

255-2 17 385 3 310 000 1334 t9S mm continuous 

(2x681 5 = 1 363 kg/cm) 



Note — In joimBg 3-6 cm and 5 cm thick plates, 9-5-inm fillet weld is the minimum permissible 
according to IS: 816 1956. In 1-2, 2-5 and 5-6, the web plate thickness is 0-9 cm. The strength 
of web plate in shear == 0-9 x 945 kg/era. Since this is localized, a maximum of 1 025 ( see ♦.3.1 
of IS.800'lfl5S) may be assumed to give 0-9x1025 = 922-5 kg/cm length of plate. Compared 
to this, the streugth of 9-5-mm weld lines on both sides of web plate i= 2xO-7xO-95x 1 025 = 
1 363 kg/cm. Hence, the value 922-5 kg /cm controls. 



•O — momcRt of flange area about neutral axis. 
\See 7.1 of IS: 816-1956. 
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Detailed Working 
Drawing 
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SECTION IIi: DESIGN OF PLATE GIRDERS 



Design Example 2 



Alternative Tapered 
Flange Design 
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An alternative tapered flange design is shown 
in the sketch. Each of the two flange segments 
may he flame cut on the skew with little loss of 
metal as shown in the sketch. The tapered 
flange will save an appreciable amount of steel 
because of the closer fit of the moment capacity 
along the girder to the actual bending moment. The moment capacity is plotted as the 
line in dashes on Sheet 5. The introduction of the taper involves both advantages and 
disadvantages which are tabulated as follows : 



Advantages 

1) Saving in steel. 

2) Elimination of two transverse huit welds in each flange. 

3) Reduction of stress concentration in the flange. 

Disadvantages 

1) Flanges shall be made in pairs by a longitudinal flame cut (in 675 cm width 
and 85 cm width plates for the above flange section). 

2) In addition to the cost of flame cutting ( which, however, should be more than 
offset by the saving in reduced welding ) the flange plates may warp when they 
are split longitudinally owing to the existence of residual stresses. This would 
either require straightening afterward or annealing prior to flame cutting. 

3) The fitting up of the girder would be more difficult because of the taper. 

4j In supporting the girder at point of bearing or at concentrated load points, 
the local dtiails may be a bit more complicated because of the taper. 




I. 



cm FLATE CUT FBOM 
67.5 cm WIDE PLATE 
(see NEXT SHKT FOB 
CUTTJfKi PLAnI) 



-5 cm PLATE CUT 

FROM tStm WIDC 

PLATE (SEE NEXT 

SHEET FOR CUTT- 

INC plan) 
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The moment capacity of this 13-5 cm 
width flange (at left end) is; 



1 500x*l 495 500 



= 242 mt 



Design Example 2 



Details of Tapered 
Flange Design 



y 92-5x100x1000 
At location 3 : 

" = \^^m^^ - "= -* >"'■* <- Sheet 2) , . . . 
At location 4, a capacity of 682-4 mt is required. 
The strength at 03 m beyond location 4 will be kept at 682-4 m-t. 
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.OK. 



Required I of section = — ' 



682-4 X 92-5 X 1 000 X too 



Required h = 



1 500 
4 200 000-402 000 



= 4 200 000 cm* 



= 48-2 cm 



2x5 (88-75)" 
In 2 m length the reduction in width = 540— 48-2 = 5*8 cm 

7 
In 7-8 m length the reduction in width = - x 7-8 = 27-3 cm = say 27 cm 

The available width at the end if 
this rate of reduction in width 
of plate is adopted as 54 — 27 = 
27 cm > 0-25 (54) OK (requir- 
ed in IS: 800-1956, see Note under 
Table XIX of Appendix E). 
The moment capacity for this flange 
width (at right end) : 
[27 X 2 X 5 X (90)'-H (402 O OP)] 1 500 

92-5x100x1000 
= 420 mt 

With these values of the moment 
capacity, the capacity diagram is 
drawn in Sheet 5. It may be seen 
that it is adequate. Width at right 
end to be adopted which is at a 
distance of 7*99 ra from section 3 
= 13-5 cm. 

Quantity of two tapered flanges 
(rect plate required) : 
SO (67-5x6-29x1004-85x8x100) 
= 550 000 cm* 

The variable thickness flange required 

= (2 x 2590 x 2 + 2 X 150 X 3-6 + 710 x 2 x 5 + 309 x 3-6 x 2)54 
= 617 490 cm* 

Thus the tapered beam is lighter by 530 159 kg (66 990 cm») of flange plate per 

girder. 




CUTTING PLAN 



^flange 
Total 



= 402 000 
= 13-5 X 5 X 5 X 2 X 0O» = 1 093 500 



= 1 495 500 cm* 
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Weight take off of actual design with break- 
down of various components : Stiffeners and 
other details were found to be 45 percent of the 
weight of the web plate, comparing with the figure 
of 40 percent ( based on the 175 y. 0-9 cm web 
plate only ) that was assumed. 



Design Example 2 



Comparison of Weights 

of Welded & Tapered 

Plate Girders 
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Weights Take Off 

1) Welded plate girder {with flanges of variable thickness) 

Flanges 2-54 x 2 @ 0-79 kg/m/cm' for 2-59 m 

2-54x3-6 @ 0-79 kg/m/cm» for 1-5 m 

2-54x5 @ 0-79 kg/m/cm» for 7- 10 m 

2-54 X 3-6 @ 0-79 kg/m/cm' for 3-09 ra 



Web plates 1-175x0-9 
1-175x10 



0-79 kg/m/cm* for 11-79 m 
0-79 k^m/cm' for 2-49 m 



Stiflfeners 2 -24 X 1-8 @ 0-79 for 1-75 m 
2 X 2-20 X 2 @ 6-79 for 1-75 m 
2x4-20x1-3 @ 0-79 for 1-75 m 
2x7-11x0-8 @ 0-79 for 1-75 m 



430 
460 

3 030 

950 

4 870 kg 

1460 

620 
2 080 kg 

119-5 

2210 

288-0 

170-5 
7990 kg 



Stiffeners 
Web 



799 
2 080 



= 0-384 or 38-4* percent 



2) Welded plate girder (with tapered flanges) 

Flanges: 

From Sheet 14. 550 000 (cm») x 0-007 9 (kg/cm'') = 4 350 kg 

3) Total welded girder 

Variable thickness flanges: 7 749 kg 
Tapered flanges ; 7 229 kg 

•Estimate of 40 percent was based on 175x0-9 cm web plate; on the same basis the proportion of 
790 
stiflFener actually required is Yrrn" ^"^^ ^ *^ percent. 
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24. RIVETED PLATE GIRDER 

24.1 The riveted plate girder provides a beam that has behind it many 
decades of successful design experience. Because of the following factors, 
the riveted girder will use more steel than its welded counterpart. It 
shall be designed with reduced stress allowed on the tension side on account 
of net section. Stiff eners shall be angles instead of plates, and filler plates 
shall be used under bearing stifieners. 

24.2 The following are weights of the welded girder as designed in Design 
Example 2 both with conventional variable thickness cover plates and with 
tapered width flange plates along with riveted plate girder design: 

Welded girder, conventional flanges: 7 749 kg 
Welded girder, tapered width flanges : 7 229 kg 
Riveted girder ( Design Example 3 ) : *9 602 kg 

25. DESIGN EXAMPLE OF RIVETED PLATE GIRDER 

25.1 The riveted plate girder is designed with exactly the same load condi- 
tions and general dimensions as the welded plate girder in Design 
Example 2, in the following 14 sheets ( see Design Example 3 ). 



♦Could be reduced to 8 525 kg by crimping intermediate stifieners. 
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Design Example 3 — Riveted Plate Girder 

Loading, shear, and moment estimates are repeated from welded girder Design Ex- 
ample 2. Although the riveted girder uses more steel than its welded counterpart, the 
estimated allowance for girder dead weight was 
somewhat too high in the welded girder design 
and the same weight estimate should be satis- 
factory for the riveted girder design. The over- 
all depth by Eq 8 (see p. 50) involves a \(. factor 
of 5-5 instead of 50 as used for the welded girder. 
This is as recommended by Vawter and Clark*. 



Design Example 3 



Design of Girder 



of 
U 



The riveted girder should be some- 
what deeper than a welded girder for maximum economy because the flange angles bring 
the distance between the centroids of the flanges somewhat nearer together than in the 
welded girder. In addition, the web plate is supported at the edges of the flange angles 
and the over-all depth of the girder may, therefore, he relatively greater without ex- 
ceeding the allowable web depth-thickness ratio. It will be noted at the bottom of 
Sheet 1 that IfS of the area of the web has been included in the flange area. 



Riveted Plate Girder 

Loading : ( Same as Design Example 2 ) 






f«»4t Mt 

— Jm mim •>•■■ m4 



T" 



1 



%*IMt 



SaltMt 



The moments and shears from Sheet 2 ( Design Example 2 ) 

3/77 3/753fi 

Over-all depth d = 5-5 J -~ - 5-5 ^ ~^ X 100 X 1 000 




tTACCEMD 



100X0-* cm 
WH PLATE 



/ ■' ^ V t soot 

= 36-8 X 5-5 = 202 cm 

Clear distance between flanges ( assuming 200-cm 
web depth and 0-5 cm clearance gap and 150 X 200 mm 
flange angle ) 
= 200+ (2x0-5) -2x15 = 171 cm (s^e sketch) 

Minimum web thickness = -— - = 0-85 cm 

Use web plate 09 x'200 cm. 

If over-all depth is assumed to be 210 and effective 
depth 200 cm 

1 500x200 , 4-,,, , , . 
Average flange stress = ;r^ — - = 1 429 kg/cm' 



210 

. ^ 753-6x100x1000 
Area required - ilvmi' 



L lOOXISOXIIm 



200X1429 =264 cm- 

Trial section : (1/8) web 200 x 0-9 cm = 22-5 cm» 

2 angles 150x200x18 - 59-76x2 = 119-5 cm* 

Cover plates 55 X 1-25 cm = 68-8 cm' 

Cover plates 55x1-4 cm = 77-0 cm" 

Total area = 287-8 cm* 



•VaWter, J. AND Clark, J. G. Elementary Theory and Design of Flexural Members, New York. 
John Wiley and Sons Inc., 1950. 
tSee footnote on p. 56. 
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Design Example 3 



Design of Girder 
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The table at the top of the sheet provides a 
computation of grass moments of inertia for the 
plate girder without cover plates, with one 
cover plate, and with two cover plates. The 
moments of inertia without cover plates and 
with one cover plate will be needed both for 
determining cut-off points of the flange cover plates, and, in addition, to determine 
rivet pitch. Gross moment of inertia should also be used in deflection calculation. 
The static moments of the various flange areas both with and without angles are tabu- 
lated as these are needed later to determine rivet pitch. 

Calculate gross and net flange areas and gross moment of inertia 0, 1 and 2 
cover plates: 



Web 

Web between angles 
Angles 
Angles 

Flange with zero 
cover plate 

1 cover plate 
Flange with 1 cover 
plate 

Second plate 
Flange with 2 cover 
plates 



Dimensions 
(cm) 



200x0-9 

14-5 X 0-9x2 
20-0 X 16-0 X 1-8 



65x1-40 



65x1-25 



Gross 
Area of 
Flange 



Deduction 



Net 

Area 

(Tensile 

Flange) 



26-1 lx2-3xO-9 

119-62 **(4x2-3xl'8) 



119-62 
J(-f26) 



77 
106-52 
(+26) 

68-75 
266-27 

(+26) 



52x2-3x1-8 
2x2-3x1-4 

2 X 2-3 X 1-25 



24-03 
102-94 

111-20 
(+24) 

70-6 
173-54 
(+24) 

630 
236-64 

(+24) 



Inertia 
Multiplier 



(200)* X 1 
12 

tl8T0O 
4x1136-9 



20 500 



21000 



Gross 



600 000 

2 220 000 
4 645 

2 824 454 

1 578 600 

4 403 045 
1 444 000 

5 847 045 



~ 


r-* 


^ 


IfM 1 




- ,■ 




. 


1 


r\ 










s. 


t 










m 


9 










» 


o 










t 








■ 


'. '.\ 


o 

o 

J 1 




1 5 


Z ! 

O ( 


I 

> «: 


•I 


1 


1 ; 




1 


, 


M 


i^Ij=: 


. 


|_ 



Moment capacity, M«, { see 20.1 in IS: 800-1956 ] 



Mc 

Flange with 
2 cover 
plates = 



ff, I/' Af net 



K-^ 



Gr 



-) 



Mc 



One cover 
plate = Me 



No cover 
plate =» Me = 



1 500 X 5 847 045 X 2 X 260-54 
291 -27 X 206-3x100x1 000 
760 mt 

1 500 x4 403 045 X 2 X 197-54 
222-52 X 203-8 X 100 X 1 000 
575 m-t 

1 500x2 824 545x2x135-2 
145-52x201x100x1000 
395 m-t 



•201-2(3-84) (Cyy of ISA 200 150, 18 mm ) - 193-32. 
••The net area calculation is based on 4 rivets, taking that they are staggered. 
d» ^ (193-32) ' 
^"2 2 

t+26 is tQwards the web plate between the flange angles 14-5 X 0-9. 

IJOnly 2 rivet holes considered as where there is no flange plate there will not be any rivet in the 
horizontal legs, of angles. 
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The bending moment diagram ts drawn 
(data on Sheet 2) and the theoretical cut-off 
points of cover plates are determined at the 
intersections of the horizontal bending moment 
capacity lines with the actual bending moment 
curve. 



Design Example 3 



Design of Girder 
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Statical Moments of Flanges 'Q' 

Gr6ss Area 



Angles 


119-52 


1 '4-0111 plate 


77 


Beam with one 
cover plate 





1-25-cm plate 


68-75 


Beam with two 
cover plates 





2 plates no angles 



Arm 


Statical 
Moment Q 


193-32/2 


11 560 cm* 


202-4/2 


7 800 cm" 


— 


19 360cm» 


205-05/2 


7 050 cm> 


— 


26 410 cm« 


— 


14 8^ cm» 



Bending Moment Capacity provided by conventional curtailed flanges ( see 
Sheet 2). 
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Design Example 3 



Flange to Web Rivets 
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The dead weight estimate is checked and it 
may be pointed that 80 percent of the web 
weight has been added for stiffeners and other 
details. This is 10 percent more than the 
suggested weight allowance in 15.1 (c) hut the 
additional 10 percent is justified because of the 
two bearing stiffeners for columns in the interior part of the girder. At the bottom 
of this Sheet are tabulated the rivet pitch calculations based on previously determined 
values of shear (V), gross moment of inertia (I), rivet value (R), and static 
moment (Q) of the areas to which the stress is being transferred. The rivet values for the 
web to angle transfer are all based on web bearing for a ^ngle rivet, and the rivet values 
for angle to cover plate are based on two rivets in single shear as these rivets will be 
used in pairs. 



Web plates at right end: 

Maximum shear = 2552 t 

A 255-2x1000 
Area required = — -_- = 270 cm* 

U^e web plate 200 x 1-4 cm = 280 cm* 

Check dead weight estimate : 

Web area (0-9-cm thick). =180 

Flange area = 530 (based on 2 cover plates) 

Stif?eners and other details (80 percent of 

web) ^ 144 

854 cm^ 

Weight per metre = 854 X 0-79 = 675 kg/m < 900 kg/m assumed OK. 

Flange to web rivets (power driven shop rivets) 
Rivet values {Rv), allowable loads for 22 mm rivets 

Hearing on 0-9-cm web =- 2 360x0-9x2-3 = 4 885 

Bearing on 1-4-cm web == 2 360x1-4x2-3 =7 600 

Bearing on 2 Ls =2360x1-8x2x2-3 =19550 

Double shear for web rivets *] Ttf2-3T' 

or shear of two rivets for \ --^ 1 025 X 2 X ~^t^ = 8 500 

flange rivets J ^ 

.'. Bearing on web will control. 

Rivet pitch P = ^ (Eq 12 on p. 52) 



Panel V /gross Web to Angles 

(tonnes) 



R Q P 

0-1 139-2 2 824 545 4885 11560 ^S ~ 

1-2 125-6 4 403 045 4-885 19 360 8-7 

2-3 1120 5 847 045 4-885 26 410 9-5 

3-4 35-6 5 847 045 4-885 26 410 JO-3 

4-5 49-2 5 847 045 4-885 26 410 21-9 

5-6 62-8 4 403 045 — 19 360 /^^'.J 

6-7 255-2 4 403 045 7-600 19 360 6-7 
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Angles to 
Flange Plates 


r - 
R 


Q 


P 


8-5 
8-5 
8-5 
8-5 


7 800 
14 850 
14 850 
14 850 


38 
30 
94 
68 


8-5 


7 800 


76-5 


8-5 


7 800 


18-8 
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Design .Example 3 



Flange to Web Rivets 
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Sketches indicate rivet arrangements near the 
ends of a cover plate and in an unfolded devel- 
opment of the angle. Minimum pitch is 
detevrntned to maintain the net section that was 
used as a basis for the flange area requirement. 
Specification clauses for other rivet pitch requirements are referred to with the recom- 
mended pitch tabulated at the bottom of Sheet 5. It is permissible to use a greater 
pitch in the top plate than in the vertical legs of the angles. 



>,i looxisoman 




A ^- <T> 



■t-atm PLATE 






> > > ^ rr, 

-f 4" -^ "4 -T 



According to 19.2.2 of 
IS . 800-1956. for staggered 
pitch it adds an area of P^/4^ 
for every gauge space. 
In calculating the net sec- 
tional area ( see Sheet 2 ), we 
have deducted for one rivet 
hole for each staggered line 
of rivets. Therefore, mini- 
mum pitch allowable for this 
connection is that which 
adds one rivet hole diameter 
= 23 mm. 

.*. For a 7-5-cm line spacing 
in 150-mm leg of angles 

P = 8-3 cm 
For a, say 6-25-cm line spac- 
ing 

P =v'2-3x4x6-25 
^ 7-57 cm 

Straight line pitch for staggered rivets on same line in angles — Maximum 24 / 
or 300 mm ( see 25.2.2.3 of IS: 800-1956 ). 

Trial Pitch Angles Top Plate Remark 

Panel Staggered Pitch, cm. Staggered Pitch*, cm 




-^ i 



f 



T 



"^ -f -4" ^ -^ ^ 

^1 Y > > ^ 




(1) 

0-1 
1-2 
2-3 
3-4 
4-5 
5-6 
6-7 



(2) 

85 

8-5 

9-5 
150 
150 
150 

6-7t 



(3) 
No plate 
IS 
IS 
IS 
15 
15 

is: 



14) 

At ends of cover 
plates reduce to 
6*0 cm pitch. 



•For convenience of riveting, sbop may prefer same pitch as in 150-mm leg { as in col 2 above). 
tWith 6-7-cm staggered pitch, net area in panel 6-7 is given by deducting from the figure to be 
obtained in Table in Sheet 2 for net area of flange with 1 cover plate ( 173-32-1' 24 ). 

6-7' 
A value corresponding to P*Hg = tt^-^^t- = 1-79 cm 

.'. Revised net area assuming that same pitch of 6'7 cm for flange and web 
- 197-32 - 1-79 (1-8)2 - 1-79 (1-4)2 = 185-85 cm* 
1500x4 403 045x2x185-85 
Mjf = —aar^TiT-. r.»o o .»^ .. . -i^x^r = 549 m-t 



223-52 X 202-8 x 100 X 1 000 
Actual Moment in 6-7 is 458-4. 



458-4 



17-6 percent more OK. 



JFor panel 6-7 according to Sheet 4, a line pitch of 18-8 cm is required. If we have a staggered 
pitch of 9-4 cm it is alright. But for shop convenience same pitch as in 0-1, 1-2, etc, for the 150 mm 
leg la recommended. 
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On this sheet, the arrangement of rivets at 
the cover plate cut-off points is indicated and 
various code stipulations are referred to and 
explained. 



Design Example 3 



Rivets at Cover ^late 
Cut-off Points 
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Allowable pitch per line of rivets {see 25.2.2.3 of IS: 800-1956) = 24 X 1-25 =30 cm 

.'. Use a staggered pitch of 15 cm. 
Adopt same pitch for both compression and tension flanges for economy in fabri- 
cation. 

Actual cut-off points 

For 1-4'Cm plate: {see 20.5.1 of 18:800-1^56) 

The net area of the plate with the above pitch = 70-5 cm" {see Sheet 2) 

Strength of the plate = 70-5x1 500= 106-00 t 

Shear value of rivet controls and is equal to 8-5/2 = 4-25 t {see Sheet 4) 

106 

No. of rivets required to develop the strength of plate = ^pyE = *'*>' 26 rivets 

Half the number of these rivets (13) are required in the extension of cover plate 

beyond the theoretical point of cut off. 
The minimum staggered pitch being that which adds one rivet hole diameter 

= 8-3 cm {see Sheet 5). 
Adopting 8-5-cm pitch as required in the angles to web connections {see Sheet 5) 
and with two staggered lines of rivets, one on ea^h side of web, the extension length 
required to carry 6 rivets is about 6 spaces plus the minimum edge distance = 
29 mm {see Table XII in 25.4 of IS: 800-1956). 

The edge distance of cover plate in the transverse direction = 

= 1405 cm 



As this is a single plate at this 
point of cut-off and the plate 
girder is not in an exposed condi- 
tion, the maximum edge distance 
permissible is 16 *=16xl-4 

= 22-4 > 1405 OK {see 

18.4.1 and 25.4.1.1 of IS: 800- 
1956). 




KOUNO OfP ID MM 



■TMCOHfTlCALT 
POINT OF 

CUT orr 



For 1-25-cm plate, the net area as- before = 63 cm* {see Sheet 2) 

Its strength = 63 X 1 500 = 94-5 t 

A 22-mm diameter rivet has a shear value of 4-25 t {see Sheet 4). 

94-5 
No. of rivets required = —^ = 22 rivets = say 26 rivets 

Same extension and spacing of rivets as for the 1-4-cm thick cover plate may 
be adopted at both ends of cut-off of this cover plate. 

Check the edge distance. 

The plate girder not being in an exposed situation, the minimum permissible edge 
distance is 12 t or 15 cm whichever is small, 12 t = 12x1-25 = 15 cm > 14-0 cm 
adopted OK {see 25.4,1 of IS; 800-1956). 



76 



SECTION III : DESIGN OF PLATE GIRDERS 



Design Example 3 



Bearing Stiffeners Under 
Right Column Load 
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These sheets all concern the design of bearing 
stiffeners at supports and under cohtmn load 
locations. As in the case of the welded girder, 
the bearing stiffeners at the columns are put in 
double pairs so as to pick up the column flange 
load and eliminate bendivig stress in the cover 
plates and top angles. At the left end, where hearing is on a masonry wall, four 
angles are also used but these are turned together instead of apart so as to localise the 
load over the centre of the masonry wall. The design of bearing stiffeners- is fully 
explained on the design sheets. 



Bearing Stiffeners Under Right Column (Load 179 t) 



Allowable bearing stress 

Required contact area 

Allowing 1-5 cm for the root fillet of fiange 
angle, if 200x100 angles are to be used, 
total thickness required 



1 890 kg/cm» 
179x1000 
1 890 



= 95 cm* 



95 ^ _95_ 

200-1-5 18-5 

5- 15 cm [see 20.7.2.2(b) 
15:800-1956] 



of 



Adopt 4 ISA 200 100, 15 ram which gives an area of contact. 

4(200-l-5) IS = 111 cm* > 95 cm" required .' OK. 

With 22-mm rivets, R for bearing on web = 4-885 t and controls (see Sheet 4) 
4«,^ No. of rivets for filler plates 

17Q 
= 4^^ = 36-64, or say 36 

For angles double shear controls 
and No. of rivets on Angles 

^ 1^^ = 21 06, or say 22 

Being under compression, maxi- 
mum pitch = 16x1-5= 240 {see 
25.2.2,1 of 15:800-1956) 

Use 2 rows of 12 rivets in angles and 
one row of the same number in 
the filler as shown in the sketch 
on the left. 

Check for strut action: 

Effective length of web = 09x20= 180 cm [see 20.7.2.2(a) of IS: 800-1956] 
/ = 2 X 1-5 X (44-5)* X 1/12 = 22 000 cm* (see sketch below) 

/ due to other parts is very small. 
Area = 4x42-78 = 17112 cm" 
Web = 09x71 - 63-9 cm" 
23502 cm« 
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*The column section supported by the girder at this section is ISHB 350. Hence, the bearmg 
stiffeners are also kept at 35 cm apart to be against the flange of the column section. 



J 
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=y 



22 000 



= 9 68 



235 



DMtfn Ex«mpl« 3 



Bearinf Sttifeners at 

RISht ( Staal Column ) 

Support 



of 
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Safe axial compression stress ^ 1 228 kg/cm* {see Table I of IS: 800-19S6) 

/. Load capacity = ^1^^^^^ = 289 t > 179 t OK. 

Right Support Bearing Stiff eiters 

Place stiffener angles as shown with tight filler in 
l>etween. Allowihg IS for fillet of flange angles 
and using 4 angles 200x100; 

„. , ,, 261-8x1000 

Th>ckness required = ^^^^--^ 




= 187 cm 



This thickness is not available in IS Rolled Angles. 
Hence, use 8 Angles as shown. 

261-8x1000 



Thickness required ^ . 



= 905 cm 



'8x18-5x1 890 
Use ISA 200100, 10 mm sections as shown. 
No. of rivets needed for filler, where bearing on 1-4'Cm web is controlling, is 

261 -fi 
— — - = 34-4 rivets {see Sheet 4). and for angles where double shear controls. 



= 30-8 rivets. 



261 8 

8-5 

Use 4 rows of 9 rivets on the angles which provides 36 > 34-4, and > 30-8 is 
OK. But according to 25.2.2.1 of IS: 800-1956 as the maximum pitch exceeds 
16 t ^ 16x1 - 16 cm ' 
number in the filler plate. 

Check %tntt action 

Effectivelength of web 
Effectivelength 

4X10X(45)* 



/ 

Area 

Web 



12 

- 29 03x8 

- 78x1-4 



Use 11 rivets on each row and one row of the same 
Alternatively, smaller size rivets may also be designed. 

= 1-4x20 = 280 cm on either side, if available 
=: 78 cm [see sketch) 

= 30 050 cm* (even neglecting / of other parts) 

= 232-24 cm« (angles) 

- 1090 



-■^1 



lit = 



30 050 
341 24 
0-7x200 



341-24 cm* 



= 9-4 cm 



= 14-9 



[Note that filler plates have not 
been considered {see 30.7.2.2 of 
IS: 800-1956)] 



9-4 

F, -, 1 228 kg/cm» 

Load capacity = 341-24x1 228 = 418 > 2618 
support, see Sheet 1). 



OK (Shear at right 
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Using 4 Angles. 200x100 mm: 

146X1000 
Thickness required = 4(20^1-35) x r890 
- 104 

Use 4 ISA 200 100. 12 mm sections. 



Design Example 3 



Bearing Stiffeners at 

Left ( Concrete Wall ) 

Support 
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F, = 1 228 kg/cm* 

Load capacity = 170-76 X 1 228 = 209 > 146* . . 
Bearing stiffeners under left column (load = 134 t ) 
Use 4 ISA 200 100, 12-mm sections. 
Design is similar to that at right column load. 



Number of rivets : 
146 



For filler = 



4-885 
146 



- 29-6 



For angles =^^ = 172 

Use 4 rows of 10 rivets 
as shown with a pitch of 
18 cm c/c. This would 
provide 40 rivets for 
filler plates and 20 rivets 
for the stiffener. 

Check strut action : 
Effective length of web 

- 2(20x0-9) 

= 36 cm 

2xl*2x(44-S)» 



/ = 



12 

= 17 600 cm* 
=4 X 34-59 + 36 xO-9 
== 170-76 cm* 



= / 



llr = 



17 600 
170-76 
= 1015 cm 
0-7x200 



1015 
= 13-8 



OK. 



♦Left support shear, see Sheet' 1. 
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D«sign Example 3 



Web Splice 
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At the intersection of the 1-4-cm and 9-cm 
webs a splice shall be introduced to transfer 
the total bending moment and shear allotted to 
the web at this section. The splices are placed 
0-5 m to the left of panel point 6 where the 
heavy column load causes a great _increase in shear to the right end ctnd creates the 
need for the 1-4-cm web plate. The ^lice plates are effective in moment in proportion 
to the square of their depth and, therefore, the total required cross-sectional area is 
determined by multiplying the web area by the square of the ratio of web height to 
splice plate height. Since the rivets are assumed to be stressed in proportion to the 
distance from the neutral axis, the maximum allowable horizontal component of rivet 
stress is reduced accordingly. 

For an exact fit of the splice plate, 0-25-cm fillers would be needed on each side of 
the Q'9-cm web to majte it match with the 1'4-cm web to which it is spliced. The value 
in bearing on the 1-4-cm plate is considerably greater than for the 0-9'cm plate and. 
therefore, only two rows of rivets are required on the right side of the splice. The 
rivet pattern as shown for the left side is arrived at after several rough trials. 



Web Splice 
Splice to the left of the bearing stiffeners under the right column (0-5 m from 

■panel point 6) 

Shear at spliced section = 62-8 t; Moment at spliced section --= 489-8 mt 
R 22 mm diameter rivet on 0-9-cm plate web = 4-885 (see Sheet 4) 
„ „ „ „ on 1-4-cm web = 7-600 



^j= 200 X 0-9 (:r=jf.) = 249 cm' 

r 

•1 




{The height of splice plate being 200-2x15 
= 170) 

249 
Total thickness required = — ~ = 1 -46 cm 

Use 2 plates (preferred dimensions for plates: 
ao».«t« 170x0-8 cm) 

Maximum allowable value for horizontal 
stress in the splice plate rivets 

= 4885 X (distance between extreme outside 
lines of rivets on splice plates) 
(distance between extreme lines of rivets on 
flange angles to web) 

171~*(4-0)2 



= 4-885 X 



4-28 t 



fNLARQCO CLCVATIOM 



201 -(5-5)2 
Assume the adjacent pattern of rivets. 

•-I'4t« 
1 1 THICK W» 

*-^ Width of splice plates 

-Edge distance = 3-8 cm for 22-mm rivets, 
adopt 4 cm on either side; pitch = 3ti = 3 X 2-3 
= 6-9 or say 7 cm. 



* Assuming the top and bottom edges of splice plates are sheared edges, for 22-mm rivets, 34.4 of 
IS: 800-19&6 requiies minimum edge distance of 88 cm and for the assumed pattern of rivets this I 
distance has changed to 4-0 cm ( see sketch ). J 
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sxcnoif .nt: Dssictr or flatb oikders 



The rivet pattern for the left side of ike splice 
is shown. This pattern was arrived at after 
several rough trials. 



DMif n Exami^ 1 



W«b Spile* 



II 
of 
14 



Pitch at splice i>oint should be slightly more as the minimum edge distance 
required for the web plates being spliced should also be satisfied. Taking these 
edges as sheared. Table XII of IS : 800-1956 requires 3-8 or say 40 cm minimum 
edge distance for 22 rivets. Hence, adopt 8-cm pitch in the middle portion shown 
in the sketch. 



( See Elevation in sketch on Sheet 10 ) 
Thus, the total width of splice plate = 37 cm 




SVM ABOUT ^ 

' ftlVCTS^ON "HESe^ 

-APPROXrMATE CC Of THE Ltft 
fUVt 1 CROUP 

-*a»¥tT& ON TMI» ^ 



Zy» = 






2x{10-2)« 


- 


208 


3x(20-4)* 


- 


1248 


2 X (30-6)" 


= 


1872 


3 X (40'8)» 


== 


4994 


2x(5l)« 


- 


5200 


3X(612)« 


= 


11250 


2x(71-4)» 


= 


10 200 


3 x {81-5)« 


sss 


19 950 
54 922 cm* 


^•=-2x54 922 


= 


109 844 


;r«=*26x(7)« 


« 


1274 
111118 



♦^ i!?*"? 2?*" fi*'*^^? °*J^ *^*** «™*P *^ ***■ 0-«-<m tbiflk veb «vde may b« wppioxiautaly taken 
«t^* ^ "^^K^ ^:tir^^^ "** ?S?*'" "»• < *!?• ••"*«* >• Total nuinbw of riWoa left 
Mtmne Ime - 9. ToUl somber o( nv«ts on nj^t extmaw lin« of tbe fxoup ^ 17. Total rivet* - U. 
T^ nvets on tbe middle line have no monMat, tlia dUtanc« between centre of cravity and tbe rivet 

oetDg >ero. •- * 
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Design Example 3 



Web Splice Completed. 
Intermediate Stiffeners 
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One-eighth of the web area may be assumed as 
equivalent fiange area in a riveted girder. Both 
the maximum horizontal component of rivet 
stress and the total resultant stress of the most 
stressed rivet are found to be within satisfactory 
limits. The intermediate stiffeners required 
1'8-cm filler plates which add considerably to the weight of the girder. This use of 
filler plate is optional for intermedinte stiffeners and depends on whether or not the 
fabricating shop has crimping equipment that will permit their elimination. 



A /ft 

Moment of web to be resisted by splice = ^ ■ 

{Ap is net area of flange ) 
200X0-9* 



Lo-t 
Z 



-J,l.lOOX7|Xt»M» 



^ 



fe 



8 X (200 xO-9*/8) + 173-54) 
56-2x80x100 



X Moment at splice point 



X 489-8 = 56-2 m-t 



^ 



^^ 



FILLERt 
75Xt»mni 



111 118 

= 405 t < 4-22 t [see Sheet 10) OK. 

_ 628t _ 62;8 

43 



(17 + 17+9) rivets 



= 1-46 t 



Number of rivets required = 



= ^/rm^ + rv* = V(4-2)» + (l-46)« 

= 4-35 t < 4-885 t (rivet value) OK. 

Use 3 rows of rivets, left side of splice spaced at 
10 cm c/c vertically as shown in Sheet 10. 
On right side, the rivet value, R = 7-60 

.'. use of 34 rivets as shown at Sheet 10 is OK. 

Packing is less than 6 mm and no excess rivets required OK {see 24.6.10 of 

15:800-1956) 

Intermediate Stiffeners 177. St 177'5 

In region 0-6: Thickness of web = 0-9 — gj- = 2-09 -^^ 

= 0-888 cm [see 20.6.1 of IS: 800-1956) 

.*. vertical intermediate stiffeners are required . Use pairs of angleslOO X 75 X 6 mm. 

Ixx = 0-6x{24-5)''/12 = 735 cm* 

Required /min = 1-5 dH'^jC* {see 20.7.1.2 of 15:800-1956) 

Assuming c = 150 cm, /min 4-- ^^5^^^^' = 243 cm» < 735 available ... OK. 

Ma* spacing allowable == 180x0-9 = 162 (sec 20.7.1.1 of IS: 800-1956) 

djt = 171/0-9 = 190. cfd = 150/171 = 0-88 
From Table lU of IS: 800-1956, fs = 775 kg/cm» 

V = 775x200x0-9 = 140 t > 139-2 OK (shear in panel 0-1) 

Assumed spacing is OK. 
Note — If shop has crimping equipment, fillers may be omitted and the stiffeners may be crimped. 



*It may be noted that 0-9-cm thick web plate has been considered for the calculations here, and not 
the 1-4-cm web. This is because 1/8 of the area of the 0-9-cm web was the basis in amvmg at the girder 
sections ( see Sheet 1 ). 

JThe height of web between closest rows of rivets = 201- 2(55 + fi-25) = 177-5 cm 
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After further calculations in continuation of 
the last sheet, the weights take off of the riveted 
plate girder is given on this sheet and the esti- 
mated percentages used for details are approxi- 
mately confirmed. 



Design Example 3 



Weights Taice Off 
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~l-3SciliCOVeK PLATC 



AN«LC LEC 



• TM AVOUT t 




In region 6-7: 

= 180-35 = 145 cm < 180x1-4 
145 



171 



cfd = 



171 



0-8S 



From Table III on page 174, 
_/, = 938 kg/cm» 

V =938x200x1-4= 262-6 t> 255-2 t 

OK ( Shear in panel 6-7 ) 

.*. Bearing stiffeners eliminate need for inter- 
mediate stiffeners in this region. 
Max spacing of rivets in 
intermediate stiffener 



allowed 



.'. Use 9 cm. 

Weights {in kg) take off (based on Sheet 14). 

Flanges 

2 Plates — 55 X 1-40 @ 0-785 kg/m/cm' for 11-725 m 
2 Plates — 55 X 1-25 (i 0-785 kg/m/cm* for 6-7 m 
4 Angles — 200x150x18 @ 46-9 kg/m for 14-35 m 



= 16t= 16x0-6 
= 9-6 cm 



Web 

1 Plate — 200x0-9 
1 



_ 0-785 kg/m/cm= for 11-725 ra 
Plate — 200 x 1-4 @ 0785 kg/m/cm* for 2-62 m 



Stiffeners 

Intermediate stiffeners — 6x2 — 100x75x6 mm Ls 

@ 8 kg/m 2-01 m = 

Left support 4 of 200 x 100 X 1 2 Ls at 27-2 kg/m for 201 m = 

Right support 8 of 200 x 100 xlO m at 22-8 kg/m for 201 m = 

Right column 4 !,» of 200 x 100 X 15 @ 39-4 kg/m for 201 m = 

Left column 4 Ls of 200 X 100 x 1 2 @ 27-2 kg/m for 201 m = 

Fillers for Stiffeners 

Intermediate Pis ~ 6 x 2 of 100 x 1-8 for 1-71 m at 0-785 kg/m/cm^ = 

Left support Pis — 2 of 36 x 1-8 for 1-71 m at 0-785 kg/m/cm' = 

Right support Pis— 2 of 55 x 1-8 for 1-71 m at 0-785 kg/m/cm* = 

Right column \ _ 2 x2 of 35 X 1-8 for 1-71 m at 0-785 kg/m/cm^ = 




} 



Left column 

Splice Plate 

2 of 37 X 1 -6 for 1 71 m at 0-785 kg/m/cm^ = 160 

( Stiffeners and fillers 1 315 + 1 077 = 2 392 kg for 2 240 kg of web or 107 percent 

of the web assumed on Sheet 4 as 80 percent of 200x0-9 cm web. Actual 

is about 110 percent.) 

[No revision of loading is necessary on this account [see Sheet 4).] 
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The side view of the plate girder is shown with more than an adequate amount 
of detail arrangement so as to provide the draftsman sujpcteni information to 
make the final detail drawing. 



Design Example 3 



Detailed Drawing of 
Riveted Plate Girder 
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•staggered pitch of angles to web rivets. 

Note — For angles to plates, rivets space at IS-cm staggered { except at ends where use 8'5-cin pitch ). Use 22-aiin rivets { power-driven ) 
countersunk at bearing areas. 



SECTION IV 

NUMERICAL ANALYSIS OF BENDING MOMENTS AND 
DEFLECTIONS IN BEAMS 



26. GENERAL 

26.1 Although shears, bending moments and deflections may be found for 
all of the usual cases by means of the tabulated equations in Appendix B, 
attention will here be given to more generally applicable methods for finding 
shears, moments, and deflections as required ( for deflection ) when the 
moment of inertia is variable and/or the loading conditions are complex. 

A number of examples of calculations of shear and moment diagrams 
has already been given in the illustrated Design Examples 2 and 3. 
However, the subject will be included in this item as a preliminary to a 
numerical method previously developed by Newmark*. The Newmark proce- 
dure has special advantages for complex cases and will be extended later to 
the study of deflections in beams and to columns in Handbook for Design 
of Columns in Steel. 

To the reader not already familiar with the Newmark procedure, it will 
at first seem unnecessarily complex when used in the computation of ordinary 
simple beam shear and bending moment diagrams. Such a conclusion would 
be correct if this were the only application. The great value of the 
procedure lies in its adoptability to many other problems, most of which 
it is not possible to cover in this manual, but which include column buckling, 
beam vibration, etc. 



27. NEWMARK^S NUMERICAL PROCEDURE 

27.1 In Newmark's numerical procedure, the beam is divided up into a 
number of equal length segments and the shear and moment are calculated 
at the segment juncture points. The use of equal length segments is essen- 
tial to the full utility of the procedure. A distributed load is replaced by a 
series of equivalent concentrated loads acting at the juncture points 
between successive segments. 

For example, if the length of each segment is A, Fig. 6 and the 
following will illustrate simple cases relating distributed load to equivalent 
concentrated load. 



•Newmark, N. M. Numerical Procedure for Computing Deflections, Moments, 
and Buckling Loads. Trans ASCE, Vol 108, p. 1161-1234 (1943). 
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UNIFORM LOAD, q PER METRE RUN 

. r . 1 ■ , ( . ,, 1^ M . • 1 ■ ^ . . ■ r , , 1 , M 





EQUIVALENT CONCENTRATED LOADS 
I <A/2 pA |<IA pA pA/a 

CASE (l^) UNIFORM LOADt^ PER METRE 




^^i-'^it ICii+^^ia+^j) KV^V«4) K''3''*'4+<'5) Kv^'s) 



CASE (b) linear VARIATION IN EACH SEGMENT 




saCv^V^ n<i»i*'<^a*^) ^^2*»o^3+*<4) ^$3+'<>V*»5) al^V^Tqs-*'^) 



I 



CASE ({:) PARABOLIC VARIATION IN EACH SEGMENT 
Fig. 6 Equivalent Concsntrated Loads Replacing a Distributed Load 
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The equivalent concentrated loads are the same as the panel 
point loads that would be caused by the reactions to a series of 
simple beams, each having a length A. In Case (c) of Fig. 6, the 
load distribution is assumed to be a second degree parabola for two 
successive segments. At location (1), the segments run from 1 to 3, 
the same as at location (2). 

In a more general way, the equivalent concentrated loads may be 
written in terms of any 3 successive locations. Let ^^^ be the end 
reaction of simple span A-B at B, Q^c the end reaction of simple span 
B-C at B, then the equivalent concentrated ( panel point ) load at B, 
denoted as Qb, is the sum of Qba + Qbc Thus, summarizing, for any 
3 successive locations: 

Case 1 ( see Fig. 7 ) : q^, qb, and qc represent q with linear variation 
assumed over each length subdivision A . 

Q^ =^iK + 2^6) ^*- = =^- (4^6 + 2^J (13) 

Qbc^^{^qi, + 2q,) (14) 

Q, = Qta-^Q^c = -^-(2y, + 8^, + 2^.) (15) 




Fig, 7 Diagram for Calculation of Formulje for 
Equivalent Concentrated Loads 



Case 2 { see Fig. 7 ): qt and q^ represent q with parabolic variation 
assumed over length 2A between A and C. 

^•* = "TT ^^*^^- + ^.-0-5?c) (16) 



Ql>a = -^ {hSq, + 5q,-0'5qc) 
87 
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Qh =^ {\'Sq, 4- Sq, ~ 0-5^.) (18) 

Qh - Qtu + Qtc = ~ {q. + I0q,+ q,) (19) 

In Case 1 applications, if there is a sudden discontinuity in q at 
any point B, Qb may be calculated by using average values of ^^. 
Sudden discontinuities in Case 2 applications should be handled by 
calculating Qba and Qtc separately, then adding to get Qb. The same 
procedure should be used in cases where there is a transition between 
Case 1 and Case 2 at point B. 

27.2 The equivalent load system is statically equivalent to the distributed 
load system and the following example will illustrate the calculation of shear 
and moment diagrams by the usual procedure as well as by the use of equi- 
valent concentrated loads. It is again emphasized that the usual procedures 
are quite adequate in the calculation of shear and moment diagrams and the 
numerical method is introduced at this point as a matter of expediency in 
preparation for more useful applications later on. 

27.3 A simple problem will be treated initially and it will be seen that the 
numerical procedure appears cumbersome and of no advantage in such a 
simple case. The value of the procedure lies in the fact that it handles very 
complex and special problems of beam deflections with a facility and ac- 
curacy that cannot be matched by other methods. The examples will be 
treated initially by conventional procedures. 

Example 1: 

Determine the shear and bending moment in a simply support- 
ed span of 8 metres under a uniform load of 6 tonnes per metre and 
a concentrated load of 10 tonnes at 2*5 metres from the left support. 

Solution A — Shear Area Method {see Fig. 8) 




».<» . 



1. i-T. 



I I II 1 I I 1 I I T 




RA«30-t»t «grS7.|at 

Fig. 8 Load Diagram 

Ra = ^^+ 10 X |;| = 30-88t (20) 

/e ^ 58 _ 30-88 = 2712 t . (21) 
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SECTION IV : NUMERICAL ANALYSIS OF BENDING MOMENTS AND DEFLECTIONS IN BEAMS 

The shear diagram ( see Fig. 9 ) is now determined. Immediately 
to the right of the left reaction, the shear is equal in magnitude to 
the reaction. For each segment of beam traversed to the right, 
the shear changes by the area under the load intensity diagram. 



Thus, {V^ - V^) = ^qd. 



(22) 



4-3 0«M t 




-a7»t»* 



Fig. 9 Shear Diagram 



By starting at the left end (A) and plotting the shear diagram 
from A to B, a check is obtained on the calculation since the shear 
at the right end is equal in magnitude to the right end reaction Rb 
which was previously calculated by independent computation. 

For each segment of beam traversed to th^ right, the moment 
changes by the area of the shear diagram: 

X 

{Mx-MA)^{vdx (23) 

The moment is zero at A { hmged end support ) ( see Fig. 10 ) 
and by calculating the moments at various points, progressively, 
from A to B, an automatic check is obtained at B where the moment 
is again 0. 




Fig. 10 Bending Moment Diagram 



The location of maximum moment is easily determined as the 
point of zero shear, 3*48 m from the left end of the beam. 
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Solution B — Newmark's Numerical Procedure {see Fig. 11) 

Newmark's numerical procedure will be illustrated {see Fig. 1 1 ) by 
dividing the beam into 4 segments, each 2 m in length, with segment 
or panel points labelled .1, 2, and 3. The reaction Ra = 30-88 t is 
calculated as before, and the equivalent concentrated loads are cal- 
culated separately for the uniform load of 6 t/m and the localized 
load of 10 tonnes. For the uniform load ( see Fig. 6 ), each concen- 
trated load is 2 X 6= 12 tonnes. The additional load at panel 
point (1) is the end reaction caused by 10 tonnes acting 10-5 m from 
the end of the first 2 m simple span, which is equal to 7"S tonnes. 
Thus, at panel point (1), the total concentrated load is 12 -f 7*5 
= 19-5 tonnes. Similarly, at panel point (2), the concentrated load 
is 12 + 2-5 = 14-5 tonnes. 

Since all of the loads have been replaced by a series of uniformly 
spaced concentrated loads, the shear is constant within each segment 
having length A = 2 m. The concentrated loads are listed in 
line (a) in Fig. 11, and are given a minus sign. ( In the application of 
the numerical procedure, upward loads are positive since they would 
cause an increase in positive shear in proceeding from left to right.) 

Shear is calculated in line (c) in Fig. 11. Starting with 
the end reaction Ra = 30*88 tonnes, the shear in the first panel is 
30-88 — 6 = 24-88 t. The shear in successive panels is formed by 
successive additions of the negative concentrated loads. 

Since the shear is constant in each segment, the change in 
moment between successive panel points equals FA. Thus, at 
panel point (1), the moment (initially zero ) is 24-88 x 2 = 49-76 
tonnes. However, a repetition of the simple additive process so 
convenient in getting the shear is desirable for moments, so 2 m in 
this case is introduced as a multiplier in the column so captioned 
at the right. The use of a common multiplier is made possible by 
reason of the uniform panel length A used throughout the span. 
Now the moments are successive simple additions of the shears 
within successive panel segments. Finally, in line {e), the actual 
moments at the quarter and midpoints are obtained by multiplying 
each number in line {d) by 2. 



Example 2: 

The following example presents a more complex loading case 
and includes a cantilever extension of the simple beam to the right 
of the support at B. Reactions, shear, and moment diagrams are 
presented without detailed computations, followed by the numerical 
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Fig. 11 Shear and Moments .by Newmark's 
Numerical Prqcedure 



analysis on the basis of panel length A = 1'25 m. In this example, 
the multiplier A is introduced in Une (a) in Fig. 12 to simplify the 
computation of the concentrated loads and to keep the numbers 
in successive lines from getting too large. 

In the foregoing example, it was necessary to divide the actual 
concentrated loads of 15 and 20 tonnes and the reaction at Rb by 
1*25 to compensate for the use of the multiplier. Thus at B, the con- 
centrated load (reaction) is: 



+ "1:25" ^ 



(24) 



Since the multiplier A has already been used in lines (a) and 
{b) in Fig. 12, the computation in line (d) includes the multiplier 
A2 = 1-56. The use of the numerical procedure in this particular 
case permits a simple routine calculation of the moment at 1*25 m 
intervals, thus permitting an accurate graphical plot of the complete 
moment diagram. In this problem, the computation work in com- 
parison with usual procedure has been reduced. 

A third illustrative example^ will illustrate the formulae ( see 
Fig. 6 ) for the replacement of a variable distributed load. 
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Fig. 12 Illustration of Load, Shear and Bending Moment 
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SECTION IV : NUMERICAL ANALYSIS OF BENDING MOMENTS AND DEFLECTIONS IN BEAMS 

Example 3: 

Assume that the upward pressure of soil on a one-metre wide 
strip of footing varies as shown in Fig. 13. 




UPWARD LOAD MTENSITY l3-» 

CONC LOAD 

SHEAR 

MOMENT O 

fINAL MOMENT (jM) O 

ISO 



3 SO 

O 

2 



TTT7 



-SYM ABOUT ^ 

(A=l«) 
MULTIPLIER 



2I'0 23-6 23-S 34-6 25-p 
I I « I I I 

t7-7 +19-9 +2a*i +25-2 -l4«-7 +2»'5 +29-5 +29-9 



+0'Ba +2-$7 +5-14 +7-67 -7-JO -4-45 -l'50 ♦(•SO 

+ 0'M +3-75 +«-90 +16*57 +9-27 +4-82 +S02 

I f I I I I I 

+ 7-33 +31-25 +74.17 +138-08 +77-25 +40M7 +27-67 



tO/l2 

io<V'» 

IOO/13 

I 



2 3 4 5 

PANEL POINTS 



•-147 4 (1^ 



,) + 27. 



08 = 149-7 



Fig. 13 Illustration of Bending Moments for the Replacement 
OF a Variable Distributed Load 



27.4 We now turn from the matter of determining shear and bending 
moment to the related problem of deflection calculation. 

In finding the deflection of a beam under relatively complex load and 
support conditions, a most direct and accurate procedure, with a simple 
routine of calculation and self-checking characteristics, is a combination 
of ^Vestergaard's Conjugate Beam Method and Newmark's Numerical 
Procedure. 

Consider the possibility that in a beam AB of length L there is a local 
or concentrated angle. change ij>o a:t a point distant 'a' from the left end, 
as shown in Fig. 14. 
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Fig. 14 Calculation of Deflection by Combination of Westergaard's 
Conjugate Beam Method and Newm ark's Procedure 



The deflection Y^ = Ba-a = 0b b 
Thus 



Bb = 0A-T 



and, since «^o == ^x + "B 

h a 

/. Ba = <f>o J- and Bb~ 4*o-f 



Finally, the deflection 



Ya = Bra = <j>o 



ah 



(25) 
(26) 

(27) 
(28) 



Now, in place of the geometrical configuration of Fig. 14 consider the 
result of thinking of the concentrated angle change 4*0 ^^ a load acting on 
a fictitious or * conjugate ' beam having the same length L as the beam in 
Fig. 14, with resulting shear and moment diagrams as shown in Fig. 15. 



± 



•>A^*. -t 



LOAD DIAGRAM 



«8=«.^ 



SHCAK OlACRAM 




BENDtNG MOMENT OfAGRAM 

Fig. 15 Load, Shear and Bending Moment Diagram 
FOR Conjugate Beam 
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It is seen that the shear in the conjugate beam equals the slope in the 
real beam and the bending moment in the conjugate beam equals the 
deflection in the real beam. 

The conjugate beam idea will now be used in the development of 1;he 
underlying ideas in Newmark's Numerical Procedure as applied to the 
determination of beam deflections. 

First, consider any arbitrary segment of a beam, A in length, and plot 
the diagram of MfEI ( see Fig. 16), thinking of it as a distributed load 
applied to a conjugate beam of length A. 




'>^v> yy yy>^y^yyyy yyyyy yy /tttt: 



j^y/y////////////////,'//////////, 



b 

ZZ3 




Fig. 16 Load of the Conjugate Beam 



The end slope <f>ab is the reaction at 'a' in the conjugate beam and is 
the integration over ab of reaction caused by each incremental change in 
slope do =- MdxjEI acting as a load on the conjugate beam. If two succes- 
sive segments, ab and be, as shown in Fig. 17, are joined together to form a 
single smooth and continuous curve with a common tangent at b, the total 
change between the successive ' chords ' AB and BC is equal to the total 
panel point reaction at b of the distributed M(EI diagram acting as a load 
on the two beam segments ab and be. Thus Eq 13 to 19 to determine panel 
point equivalent concentrations of load may also be applied to determine 
local ' concentrated angle changes ' by means of which the deflected curve 
of a beam may be replaced by a series of chord-like segments as shown 
in Fig. 18. The deflection at each juncture point is exactly equal to the 
deflection of the actual beam at that particular point. 



95 



ISI BAKDBOOK FOR STRUCTURAL ENGINEERS: STEEL BEAMS AND PLATX GIRDERS 



^k=*fc**^bc 



1 . , 



^^^ ^ jirrf f tc f f f f rnrrr f q _^ i i t H it fyy ^j^ r , y^ y^ f. 




Fig. 17 Conjugate Beam Segments 



The conjugate beam relationships establish that the procedure pre- 
viously demonstrated for determining shears and moments may be used 
to determine slopes and deflections. A geometrical demonstration of the 
procedure may be helpful. The average end slope 9^ may be determined 
as the average shear in panel 0-1 caused by the concentrated angle changes 
^, ^2 ^"^ ^3 acting as loads on the conjugate beam. The shear in panel 
1-2 is less than that in panel 0-1 by ^i — it is seen in Fig. 18 that Bi% is less 
than ^ai by ^^, The deflection y^ is equal to %^^, y% = y\-\- ^v^ and so on 
across the beam — the same quantities are moments in the conjugate 
beam. As an introductory example, consider the case of the simple beam 
under uniform load. 




Fig. 18 Slopes and Deflections of Conjugate Beam 
% 



SECTION IV: NUMERICAl, ANALVSIS OF BENDING MOMENTS AND DEFLECTIONS IN BEAMS 

Example 4: 

Detennine deflections in a uniformly loaded beam ( see Fig. 19 ). 



• ql/m 




'M/MAW//My>/^W}//}//>/M 



MOMENT ( 
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(O 
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3 

I 

-34 



'n 



MULTIPLIER 



+ 57 



(■^)(#)fe-) 

Fig. 19 Deflection in a Uniformly Loaded Beam 



In line {a) of Fig. 19, the centre moment is gL^j^ but qL^fZZ is 
introduced as a multiplier to provide convenient whole numbers 
for the arithmetic procedure that follows. The concentrated ^ 
loads by Eq 16 to 19 are * exact ' since the moment diagram is a 
parabola. The loads are negative since downward load causes a 
negative change in shear when proceeding from left to right. The 
multiplier A/12 out of Eq 16 to 19 is coupled with the multiplier in 
line (a) of Fig. 19. In line (c) of Fig. 19, it is not necessary to compute 
the slope in tbe first panel by determining the end shear. Because 
of symmetry, one knows that the slopes on either side of the centre 
line ( shears in the conjugate beam ) are equal in magnitude and op- 
posite in sign. Thus, one may start with the concentrated angle 
change of 46 units at the centre and work to the right and left so as 
to provide symmetry in the slopes. It is noted, finally, that the de- 
flections are exact at each panel point. 

In cases where the loads are not imiform, the moment diagram no 
longer is a second degree curve in x and the numerical procedure does not 
always give an exact answer. But it still provides a close approximation. 
Consider the beam under a triangular load distribution and use the numeri- 
cal procedure to determine shear, moment, slope, and deflection. In this 
example, the answers are exact, because of the continuous linear load 
variation. 
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Example 5: 
Determine deflections in a beam under triangular loading ( see Fig. 20 ) . 



LOAD 

CONC LOAD 
SHEAR 
MOMENT 
MOMENT 



CONC ANGLE 
CHANGES 



DEFLECTION 




MULTIPLIER 

CV0CV4) 

(^24) 0B/4}(i/El) 
C>^24)QV4X>/eO 



Fig. 20 Deflection in a Beam Under Triangular LoAding 

The foregoing examples have illustrated the numerical procedure of 
analysis but the real advantages in practical application are for those cases 
where the moment of inertia is variable and the load conditions more 
complex. Reference may be made to Design Example 14 where the deflec- 
tion of a beam of variable moment of inertia is calculated by the same 
numerical procedure. 
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SECTION V 
SPECIAL PROELEMS IN BEAM AND Gm^ER 

28. GENERAL 

28.1 This item covers certain special problems in beam design that are 
important when they do occasionally require special attention. These 
problems include biaxial bending of symmetrical sections, bending of un- 
symmetrical sections, with and without lateral constraint, bending of the 
channel section, and finally combined bending and torsion — when to avoid 
it and how to design for it if one is obliged to do so. Bending in these cases 
shall not be termed * simple ' since it may involve deflections in a different 
plane from that in which the beam is loaded. A general discussion of the 
more tj'pical problems will be illustrated by Design Examples 4 to 10, 
together with commentary, concerning the more typical cases that may be 
encountered in practice. 

29. BIAXIAL BENDING 

29.1 Whenever loads are applied on a beam at an angle other than 90'' with 
respect to one of the principal axes, the beam is under ' biaxial ' bending. 
The load may be resolved into components in the direction of the two 
principal axes and the bending of the beam may be regarded as the super- 
position of the two bending components. This procedure for handling 
biaxial bending is particularly suited to the case in which there is at least 
one axis of symmetry since in this case the orientation of the principal axes 
is known by inspection and the distances from these axes to points in the 
beam cross-section that should be checked for stress are also immediately 
apparent. However, when the section itself has no axis of symmetry, 
such as in the case of an angle with unequal legs, the alternative procedure 
utilizing the general formulas for bending referenced to arbitrary X and Y 
axes in the plane of the cross-section is generally preferred. Nevertheless, 
if the orientation of the principal axes of the unsymmetrical section is 
determined, the first procedure may be used. Alternatively, unsymmetrical 
sections subjected to biaxial bending may be analysed graphically with con- 
venience, by drawing the circle of inertia. Design Example 5 illustrates 
this method. 

30. BIAXIAL BENDING OF A SECTION 
WITH AN AXIS OF SYMMETRY 

30.1 The biaxial bending of a WB or I-section will be used as an example. 
The same procedure is applicable to the channel provided it is loaded through 
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the shear centre ( see 37 ) . The shear centre is an imaginary line parallel 
with the longitudinal beam axis through which the applied loads shall pass 
if twist is to be avoided. 

The possible planes of application of the load are shown in Fig. 21. 
If the load is brought in at_j4 in the direction shown by the arrow head, the 
member is loaded by twisting moment as well as in biaxial bending. Com- 
bined bending and twist will be discussed in 39. If, however, the load is 
applied at 7^ { coincident beam axis and shear centre ) it may be resolved into 
components parallel with the X and Y axes and, .since these are principal 
axes, the normal stress is simply the super-position of the effects of bending 
about the X and Y axes. In a simple span, the loading as shown in Fig. 21 
would cause tension at C and compression at D. These locations would, 




HCi^R CENTRE COtNClOES 
WITH CENTftOIDAL AXIS 



Fig. 21 Biaxial Bending of Section with Two Axes of Symmetry 

therefore, govern what permissible stress should be used in the design. There 
is no explicit problem of lateral buckling involved, but if the horizontal 
component of bending approaches zero, the permissible stress should be 
governed by the reduced stress Ft as given in Table IIA, 9.2.2.2 of IS : 800- 
1956 {see Table II on p. 172 of this Handbook for an extension of 
the Table in IS : 800-1956 ). However, it is also obvious that if all of the 
load were applied horizontally in the X~X plane, the full allowable stress 
of 1 575 kg/cm- should govern as there is no tendency for lateral buckling. 
As a conservative basis for design, therefore, it is recommended that a simple 
interaction formula be used in such a case. 

(Il^-Gtl>^ ^^'> 

In Eq 29, ft represents the computed stress due to the two components-of 
bending moment and Fb is the corresponding permissible stress if that 
component alone were acting. In the case of rolled wide flange or I-beams, 
the permissible stress Fh for bending about the Y-Y axis would always be 
1 575 kg/cm2. Members with relatively wdde flanges,, such as might be used 
for struts, will be most economical for biaxial bending. 
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The foregoing formula Eq 29 may be considered as an extension of the 
formula in 9.5 of IS : 800-1956 for combined bending and axial stress. 
In this case, the axial stress is zero. Sub-clause 9.5.1 in that standard 
states: 

' When bending occurs about both axes of the member, /& shall be 
taken as the sum of the two calculated fibre stresses.' 

Thi^i provides no gradual interaction for the case under consideration here 
but when the allowable fibre stress about each axis is the same, the 
proposed interaction formula for biaxial bending reduces to that stated 
in 9.5 of IS: 800-1956. 

31. DESIGN EXAMPLE OF BIAXIAL LOADED BEAM 

31.1 The illustrative design example of biaxial loaded beam is shown in 
the following two sheets (see Design Example 4). 



101 



isr Handbook for structural engineers: steel beams and plate ctRDEtts 



Deilgn Example 4 — Biaxial Loaded Beam 

The procedure for designing a beam with one or more axes of symmetry under biaxial 
bending is ilhcstraied. Only that phase of design peculiar to biaxial bending is treated 
in this illustrative example and the deflections, 
if desired, could also be found as the superposi- 
tion of deflections in the x and y directions as 
caused by the loads separately applied. It is 
to be noted that the section loaded as shown in 
Fig. 19 will not deflect in the plane of the loads. 



Design Example 4 



Biaxial Loaded Beam 



I 

of 
2 




An I~shaped beam spans 7-5-m beam between sup- 
ports. At eacli end it is adequately supported verti- 
cally and against twist as shown in the figure. In 
addition to its own weight, the beam carries 4-tonne 

i loads at the third points and a horizontal load of 

; 150 kg/ra. 

Estimate weight of beam @ 75 kg/m 
Bending about X-X axis 

75x7-5"- 




CNLARGEO SECTION AA 



Dead load M^^ = ::= 527 m-kg 

Live load M^^ = 4 x 2-5 X 1 000 = 10 000 m-kg 

10 527 m-kg 



I Bending about Y-Y axis: 



Myy == 



150 X (7-5)=' 



= 1 055 m-kg 



As a preliminary guide, determine required Zxx, lyy for M^^ Myy acting 
separately, estimating fb(xx] = 1 200 kg/cm». 

„ 10.527x100 „_„ 3 „ 1055x100 _ . 

Zxx ^ z~-;r:^ = 877-25 Cm^, Zyy = rTnr — = ^7 Cm' 



Z^^ = 1 094-8 cm'; Zyy = 196-1 cm» 



1 200 
Try ISHB 350, 67-4 kg. 

; — ^j ^ ... — rrr r"' T irm— — n-M— ii^i^i— —— — — ^— ^■■■— ^— b^— — ^^^^mmm^^^^^m 
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Design Example 4 



Biaxial Loaded Beam 



Section check by Inferacdon Formula 

10 527x100 



fb{xx) 
fb(yy) 

963 



1 094-8 



= 963 kg/cm^ 



= krr X It^O = 537kg/cm2 



537 



1160+ 1575 = l-2>l-NoGood. 



Try ISHB 400, 77-4 kg 



^xx 


= 


1 404-2 cm^" 




hy 


= 


218-3 cm» 




lib 


= 


& ^ '«« 


= 30 


djtf 


= 


400 
12-7 


= 31-5 


XX 


= 


1 123 kg/cm* 




hy 


= 


1 575 kg/cm^ 




hxx 


= 


10 527x100 
1 404-2 


^ 750 kg/cm 


hyy 


= 


^ ^ X 100 
218-3 "" ^^^ 


= 483 


750 483 
1 123 + 1 575 


= 


0-975 < 1 . . . 


. OK. 



2 
of 
2 



Then check web shear, bearing plate, web crushing, web buckling, etc, for 
vertical loads in the same manner as lor usual beam design. 
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32. LATERALLY CONSTRAINED BENDING OF SECTIONS 
WITH NO AXIS OF SYMMETRY 

32.1 If an asymmetrical section, such as a Z-bar or unequal legged angle 
( see Fig. 22 ) is loaded in a plane parallel to one of the surfaces, it will, if 
unconstrained, bend in some other plane. However, if laterally supported 
by the roof or by other means, the bar may be constrained to bend in the 
same plane as the load. When so constrained, the stress due to applied 
loads may be calculated as in simple bending. For example, if deflections 
are permitted only in the Y-Y plane and the loads are in the same direc- 
tion, the stress due to bending about the X-axis will be given by the 
usual beam equation : 



/.= 



M:cy 



(30) 



if the beam is constrained in the x direction at the same points at which 
it is loaded in the y direction, the lateral constraining forces in the x direc- 
tion will be related to the applied forces in the y direction by the ratio of 
/jty//* where /xy is the product of inertia. Hence, with lateral constraint: 



My = ^-^^ 



(31) 



The product of inertia is not to be confused with the polar moment of 
inertia and is given by the following equation: 



= \xydA 



(32) 




Fig. 22 Asymmetrical Section Under Biaxial Bending 



33. DESIGN EXAMPLE OF ANGLE SECTION 
BEAM LOADED IN THE PLANE OF WEB 

33.1 The illustrative design example of angle section beam loaded in the 
plane of web is shown in the following two -sheets ( see Design Example 5 ). 
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Design Example 5 



Angle Section Beam 



I 

of 
2 



Design Example 5 — Angle Section Beam Loaded in the Plane of Web 

Angle section beam with third point loading and 4-m span is designed under the 
assumption that lateral support bars are introduced along with the loads, as in the 
sketch. These bars force bending to be in the 
same plane as the loads. In this case, the 
design is routine and the required amount of 
lateral support is determined by Eg 31 on 
p. 104. Particular note should be made of the 
fact that the lateral force is approximately 41 
percent of the vertical applied load and the lateral support bars shall have to be designed 
for this lateral force and, in addition, be of requisite rigidity. 

By way of conipayison, at the end of the calculations the stress is determined for 
the same load but with the lateral support removed. Eq 33 on p. 107 applies in this 
case and the maximum compression stress is found to be increased hy a factor of V22. 
In the case of'/,-bars, the factor will he as high as 2-5 thus going beyond the yield point 
of structural grade steel. It is obvious that the use of Z and angle bars loaded in the 
plane of the web is not particularly economical in view of the lateral support require- 
ments. Z and angle bars are sometimes used as purlins on sloping roofs where, if 
properly oriented, the plane of the loads may be near the principal axis of the section 
and efficient use of the material thus realized. 




Span ::- 40 m; 

Load = 1-S t at each 1/8 point 
Lateral support is provided at each load point 
Estimate DL = 30 kg/m; 

LL bending moment = 1-5 X 1-33 X 1 000 = 1 995 m 
30x4^ 




V • 
efCAACCO VIEW 



DL bending moment = 



Required Zx 



2 055 X 100 
1 500 



= 60 m'kg 
2 055 mkg 

= 137 cm» 
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Design Example 5 



Angle Section Beam 



2 
of 
2 



Use ISA 200 LiO, 150 mm angle. 
Ix = 2 005-6 cm* ly ■-= 969-9 cm* Zx = 145-4 cm» 

Lateral support requirement to provide for lateral bending moment: 

{My) = --j-^^- {see Eq 31). Ixy = -818-5 cm« 

Jx 

31g.5 X 1"S 

I-ateral force =t ~ = 0-612 t at each load point (neglecting the effect 

/ ws-b ^f dead load) (about 41 percent of the applied 

load) 

What would be normal stress due to biaxial bending if no lateral support be 
provided ? 

Mx 

/ = —- Ti- i^yy—Ixyx) (check point A', y = 6-2 cm 

Ixiy-Ixy X = 3-72 cm) 

"-'^•f- 20(r5^i^^^.5T['-''-^' (969-9) -(-818-5) (-3-72)] 

= —1 460 kg/cm' compression 

At B, :;; = 4-13-8 cm 
X = —2-22 cm 

9 net v1 fin 
^'^■^ = mdJm^mS)* (+mx969.9)-(-818-S)x(-2.22) 

= ^i^rr^xll 550 = 1 860 kg/cm» > 1 500 kg/cm« 

^ ^'^ "^ (permissible tensile stress) 

Thus, if no lateral support be provided, the allowable load gets reduced in the 
proportion of 1 860 to 1 500 kg/cm* (1-24: 1). 



Note — As the load assumed here is vcrticaJ, there is no My component. If the load were 
inclined, the coicpoQents 3f^ and My should be determined and the stress calculated by Eq 33 
and Eq 34 ( sm p. 107 ) and added to give the total fibre stress at cither of the points, A or B. 
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34. UNCONSTRAINED BENDING OF SECTIONS 
WITH NO AXIS OF SYMMETRY 

34.1 The most common example in ordinary use of the unsym metrical 
section with no axis of symmetry is the rolled angle with unequal legs. 
Taking X and Y axes positive in the directions as shown in Fig. 22 and 
oriented parallel with the sides of the angle, the positive sense of bending 
moment components Mx and My are shown as chosen in the same figure. 
In sections of this type, it is convenient to resolve the bending moments 
due to any applied loads into components about the X and Y axes and 
calculate the stress due to bending by the following equations : 

Bending about X-axis: 

^» = T i^' I' ^^^y-^'y^) (33) 

ix'-y ■» xy 

Bending about Y-axis: 

h^TT^'-prC-yy-I:^) (34) 

Ixly J. xy 

If deflections are desired, it is preferable to determine the principal axes of 
inertia and study the bending problem by the same procedure followed 
in Design Example 4 for biaxial bending of a doubly symmetrical section. 

The derivation of the foregoing Eq 33 and Eq 34 may be found in any 
advanced Jbook on strength of materials, such as Timoshenko's ' Strength 
of Materials ', 3rd ed. Part I, p. 230-231 published by D, Van Nostrand 
Company, Inc., New York. As examples of unsymmetrical bending, both 
constrained and unconstrained. Design Examples 5 and 6 concerning angle 
section are presented. 

35. DESIGN EXAMPLE OF ANGLE BEAM LOADED 
PARALLEL TO ONE SIDE 

35.1 The illustrative design example of angle beam loaded parallel to one 
side is shown in the following sheet ( see Design Example 6 ). 



107 



ISl HANDBOOK FOR STRUCTURAL ENGINEERS: STEEL BEAMS & PLATE GIRDERS 



Design Example 6 
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Design Example 6 — Angle Beam Loaded Parallel to One Side 

This is another example of a single angle, used as a beam and loaded in a plane 
parallel to one of its sides. No lateral support is provided. To get a preliminary 
trial design, the required section modulus for an 
an^ile with lateral support but with the allow- 
able stress multiplied by a factor of Q-J is 
determined. The properties of the angle having 
this modulus are tabulated and the product of 
inertia is determined. There are five possible 
locations for maximum stress as noted by letters A to E. However, if one visualizes the 
approximate direction of the principal ajves of inertia it is obvious that both components 
of bending if resolved in the direction of the principal axes would produce compression 
at B and tension at E. These stresses are calculated by Eq 33 ( see p. 107) and the 
maximum stresses are found to be within permissible limits. If there is any question 
about -the location of maximum stress in the mind of the designer, it should also be 
checked at A, C and D. 



Angle Beam 



■■L JOO 11150 X K 



For the angle to bend without twist, the resultant of the loads should go through the 
shear centre which is at the intersection of the middle planes of the two legs. 

Single Angle as Beam Design 

A single angle beam has a simply- 
supported span of 3 metres with loads 
given below: 
Live load = 1-50 t/m 

Dead load — 0-20 t/m (including 

beam weight) 
W = 1-70 t/m 
Angle free to deflect laterally will be stressed more than if held. As an approxi- 
mation, assume unsupported angle has capacity of 0-7 X supported angle 

Mx - ^'"^^^^^ 1-91 m-t, permissible stress = 1 500 kg/cm^ 
o 

Required Zx ^ ^-\Vr^r?-r^ = 182 cm» Try heaviest ISA 200150. 




CNt.«Kf WCTXM A A 



500x0-7 



18 mm section. 



46-9 kg/m with. Zx 
Mx 



172-5 cm'. Zy = 101-9 cm^ Ixy = 958-1 cm*, 
/j: = 2 359 cm*, ly = 1 136-9 cm* 



f ^ — VJi*: (lyy — Ixyx) Maximum compressive stress is at B 

IJy-lly (* = +2-34, y = -13-67) 



191000 



(-1 136-9x1 3-67 -I- 958-1x2-34) 



{fb)B f 760 000 

== 1 440 kg/cm* OK as permissible bending stress for Ijr = 69 ( ^-^ ) 

- 1500kg/cm« \4-je/ 

Maximum tensile stress at E {x ^ —3-84 cm, y ~ 6-33 cm) 

ME) ^ ^^^^^^^(1 136-9x6-33 h958-lx 3-84) 

- 1 180 kg/cur < 1 500 kg/cm= OK {see 9.2.1(b) of IS: 800-1956] 

Note — As the load assumed here is vertical, there is no My component. If the load were 
inclined, the compoucuts M ^^ and My should be determined and the stress calculated by Eq 33 
and a* and added to give the total libre stress at either of the points, .4 or B. _^_^__^ 
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SECTION V; SPECIAL PROBLEMS IN BEAM AND GIRDER 

36. DESIGN EXAMPLE OF ANGLE BEAM DESIGN BY 
DRAWING CIRCLE OF INERTIA 

36.1 The Design Example 6 of angle beam is now designed by drawing 
circle of inertia in the following two sheets ( see Design Example 7 ). 
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Design Example 7 



Angle Beam Design by 
Circle of Inertia Method 
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Design Example 7 — Angle Beam Design by Drawing Circle of Inertia 

In this example, the same problem as given in Design Example 5 will he solved 
graphically by drawing the circle of inertia. The method i§ as follows and the con- 
structian -i^. given in the sketch. 

The X-X and Y-Y axes are drawn from the 
centroid G of the angle section. Starting from 
G on the Y-Y axis, a and b are marked 
such that Ga = Ixx and ah = lyy to any 

convenient scale. With Gb as diameter and _ 

c as the centre, the circle of inertia is drawn. From 'a' towards left [as the product 
of inertia is negative in this case ) . ad is drawn parallel to X-X axis such that ad = 
Ixy [product of inertia), c and d arc joined and produced both ways to meet the 
circle at e and f. Now Ge and Gf determine the. principle axes U-U and V-V of the 
angle section. With reference to X-X and Y-Y ax^s, g is plotted such that its co- 
ordinates represent bending moments Mxx and Myy given. In this case, as Myy = 0, 
g lies OH the X-X axis. If gh and gj are drawn' perpendicular to the principal axis, 
these represent respectively the components Muu and Mw. From inspection of the 
orientation of the angle section and. the principal axis, it is obvious that maximum 
fibre stress should be checked at points B and E. If there ii. any question about the 
location of maximum stress in the mind of the designer, ii should also be checked at 
.4, C and D. The co-ordinates of these points with reference to the principal axes are 
mcastmd. The fibre stress at the points could be determined as given below. 




tSA 300i»0,iSnim 
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Design Example 7 



Angle Beam Design by 
Circle of Inertia Method 
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Co-ordinates of C with reference to 
X-X and Y-Y axes ( + 3-84. +6-33) 



Ga 


= 


Ixx 


= 


2 359-4 cm* 


ab 


= 


lyy 


= 


1 136-9 cm* 


ad 


= 


r^y 


= 


-958-1 cm* 


ed 


= 


luu 


= 


2 880 cm* 


df 


= 


Ivv 


= 


616 cm* 


Gg 


= 


Mxx 


= 


1-91 m-t [see p. 108) 


S3 


= 


^utt 


= 


0-9 m-t 


gh 


= 


Mm 


= 


1-68 m-t 



Co-ordinates of points B and E with reference to U-U and V-V axes are: 
J5(+48, +130) 
£(-65, -37) 

^ Muu _ , Mm 






xlOO x lOOO 0-9 48x100x 1000 
1 "^ 616 ^ 1 



2 880 
== + 1 450 kg/cm' ( compression ) 

-1-68 X 3-7 XlOOxlOOO 0-9 x 4-8x100x1 000 



^^ 2 880 

= —1 170 kg/cm* (tension) 



616 



The fibre stress is in all cases less than 1 500 kg/cm' OK. 

It may be observed that the values /^ and f^ are very close to those as deter- 
mined by the method given in Design Example 6. 
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37. BENDING OF CHANNELS WITHOUT TWIST 

37.1 When a channel sepiion is used as a beam with loads applied parallel 
with the web, it: will bend without twist only if loaded and supported 
through its shear centre in which case the resultant shear stress in each 
flange acts horizontally and in opposite directions. The resultant shear 
stress in the web is simply the total shear at the cross-section due to the exter- 
nally applied loads. The web shear and the couple produced by the flange 
shears may be replaced by a single resultant shear force, the location of which 
determines the shear centre. The location of the shear centre in a channel 
section may be calculated, in reference to the dimensions shown in Fig. 23 
by the following Eq 35 for sloping and parallel flange sides, respectively: 



A*s == "^ ( see Fig. 23 for symbols ] 



(35) 



It is usually impracticable to load a channel through its shear centre although 
it has been done in some special cases where the peculiar properties of the 
channel section have actually been utilized to advantage. A channel may be 
constrained against twistingat the load points and supported at its ends ap- 
proximately at the shear centre location, as shown in the Design Example 8. 
The channel may then be treated as if it were being supported and loaded 
along its shear centre with restraining moments supplied at framing beam 
connections so as to apply the load resultants effectively at the shear centre. 




Fig. 23 Shear Centre of Channel Section 



3a. DESIGN EXAMPLE OF SINGLE CHANNEL AS BEAM 

38.1 The illustrative design example of single channel as beam is shown 
in the following two sheets ( see Design Example 8 ). 
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Channel Beam 
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Design Example 8 — Single Channel as Beam 

The plan and elevation views show that the channel is loaded at its third points 
with an effective span of 6 m. A stiffs ner at each support point centralizes the bear- 
ing pad reaction ttnder the shear centre. Sec- 
tion A- A shows the manner in which the beams 
are to be welded to the web of the channel. 
The beam weight is estimated and the moments 
due to dead and applied loads along with 
required section modulus are calculated in the 
usual manner. In the case of a single channel, the specification permits only 
1 500 kgfcm* as the permissible stress. A channel with the required section modulus is 
selected and the allowable stress is checked for the 2-m unsupported length at the centre. 
The shear centre is located by Eq 35 and found to be 3-09 cm from the centre plane of 
the web or 272 cm from the back of the web. The ends of the framing beams, assumed 
to be ISLB 300 sections, are checked for connection and coped section strength at a-a 
and b-b. The weld along a-a is checked to' make sure of its capacity to transit the 
moment that will be developed by the tendency of the channel to twist. The .stress along 
line b'b, at end of coping, is also checked for eccentricity of 15-96 cm. 

For a discussion of shear centre in more unusual shapes, reference may be made 
to Timoshenko's 'Strength of Materials ', 3rd ed. Part I. p. 240, published. by D. Van 
Nostrand Company, Inc., New York. 



^ 



'1 



iT^r^:^ 



Win 

PLAN 



B 




ELEVATION 



Single Channel as Beam 



A channel beam is designed for loading as 
shown. Clear span ™ 6 m 



Estimate beam weight = 45 kg/m. 

Moment due to '^'^'^ 

cone load = 3-2x2x1 000 = 6 400 m-kg. 

Moment due to 



dead load = 



45x6" 
- 8 



= 202-5 m-kg xc=i-o4<m''J\ 

= 6 602-5 m-kg —I •?st"» >*- 




P^nni^H 7 6 602-5x10 ^ ,^^ , ENLARGED SECTION AA 

Required Z = ^-^^^ = 4 402 cm« 
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Use ISLC 350, 38-8 kg 

Ixx = 5321 cm» 



Design Example 8 



Channel Beam 
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Cyy 


= 2-41 cm 


%* 


= 13-72 cm 


h 


= 100 mm 


'/ 


= 12-5 mm 


h 


= d-tf = 33-75 cm 


iw 


= 7-4 cm 


Xc 


= Cyy-t»l2 = 204 cm 


Check allowable stress for 2 m unsupported length. 


lib 


= ^ = -> 



By reference to IS: 800-1956 conservatively applicable to single channels, allow- 
►le stress is 1 500 kg/cm*. Beam selection is, therefore, OK. Locate shear 



able 
centre. 



-, Xch* 204x33-75 ,„ 
^'^ IP? = 4X13.72' == ^'^ ^™ 

3-09— 0*37 = 2-72 cm from back of web, thus locating the effective location 
of supports and loads for cases where rotation is not permitted. 

Design connecting weld between ISLB 300 web^nd channel web for an eccen- 
tricity of 2-72+0-74 = 3-46 cm {see ISI Handbc^k for Structural Engineers on 
Welded Connections for Design (under prepaFati(!>n)]. 

Check stress at end of coped section (&— 6 in sketch) for eccentricity of 
125 +2*72 = 15-22 cm. 

M = 15-22 X 3-2 « 4-87 cm-t 

Section modulus of coped web 25 X 67 cm 

0-67 x25» 



Z = 



= 70 cm» 



48-7x1000 



696 kg/cm* < I 500 kg/cm* 



Check end shear: 
3-2x1000., 3 



25x0-67 ^ 2 ^ ^^ kg/cm« < 1 025 kg/cm» {see 9.3.1 of IS: 800-1956) . . . OK. 
If web of channel is welded to its supports at each end, weld should be designed 



for an eccentricity of 3-09 + 



0-74 



= 3*46 cm. 



Han — ForegiHiig design pcooedore is applicable only when members framing into channel 
together with «nd connections have moment capacity and resistance to rotation to eflfectively 
load cMniMl in the jrfane of its shear centre. 

If aot at» xestrained, chaand wiU twist, and shear stress dueto torsion shall be included. 
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$9. COMBINED BENDING AND TORSION 

39.1 The structural engineer concerned with bridges and buildings occasion- 
ally finds torsion combined with bending; rarely is torsion without bending 
a design problem. If an ' open ' section, such as a wide flange shape or 
channel is used in a location where it is loaded in torsion as well as in bending, 
the torsion should be minimized as much as possible, preferably eliminated 
entirely by provision of suitable restraints or other means. Open sections 
are notoriously weak in torsion. For minimum use of steel, if the engineer 
haa to -design for appreciable torsion, he should use a box or closed section. 

Although a very brief treatment of the torsion problem in open sections 
will be presented here, reference may be made to a pamphlet on * Torsional 
Stresses in Structural Beams ( Booklet S-57 ) ' available through the 
Bethlehem Steel Corporation, New York. This suppHes information for 
a variety of cases of torsion combined with bending when wide flange or 
I-beam sections are used. 

The torsional properties of an of>en section may be built up from 
those of the narrow rectangle. Torsional moment is related to sectional 
properties by Eq 36: 

Mt = KG9 (36) 

In the foregoing equation, K is the torsion constant which, in thei 
case of the circular section, becomes the polar moment of inertia. G is the 
shearing modulus of elasticity which for steel is 0*385 times the tensile 
modulus. 6 is the angle of twist per unit length. 

The torsional constant for the rectangle shown in Fig. 24A is: 

K = y-0-2U* (37) 

In general, for open shapes: 

K = S (K of rectangular components) , . \ (38) 

As a typical example of an open section, K for the wide flange shape 
with parallel sides is obtained by summing the torsion constants of its rect- 
angular component parts as follows: 

Wide Flange Shape Fig. 24B 

K = ?y + <^J=^> V^O-42 //-0-21 1^* (39) 
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(*_._^~f 



^ 



34 8 

Fig. 24 Torsion of Open Thiu Sections 



The stress due to torsion is given for either the wide flange or rect- 
angular shape by Eq 41: 

K.. = — r^- f*"^) 

When loads cause a combination of torsion and bending, in a wide 
flange beam, the torsion is non-uniform. Longitudinal normal stresses due 
to localized torsional flange bending stresses are developed which add to 
the normal stress due to bending csdculated in the usual manner. 

When the objective of saving steel is paramount, one should avoid ex- 
posing open sections to torsion. Attention will, therefore, be turned to 
the torsional properties of the box section with a subsequent comparison 
to the o\>tn section. 

The torsional moment resisted by a simple rectangular box section 
as shown in Fig. 25 is as follows: 

Mt = Iwhfri^ (41) 

where /r = Allowable torsional shear stress. The associated torsional 
constant for the same section is : 



A' = 



4^^ 

< 



(42) 



s is any distance along the periphery along which i is constant, 

U6 
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Fig. 25 Box Section in Torsion 



As a demonstration of the superiority of the box section. Fig. 26 shows 
exactly the same area of steel used for a hypothetical wide flange shape in A 
and a box section having exactly the same bending strength area in B. 
The torsion constant is calculated by Eq 39 for the wide flange shape 
as follows: 

K-2/3 X 250(2-5)»+K+5)(2-0)»-0-42 X 2-5*-0-21 X 20*=360-2 cm* 

For the allowable shear stress of 945 kg/cm^, Eq 40 provides a means 
of estimating the torsional moment capacity which is found as follows: 

.r /r^ 945x3602 i.,|;^. 

^"^t;;^ 100x2-5x1000 ==^^^"^^ 

For the box section using Eq 41, the capacity is found to be: 

2x24x47-5x945x100 



Mt = Iwhfrtw = 



100x1 QPO 



= 22-5 m-t 



r2*5c» 

f| 

4VO I 

CHI ( 

Iso*o 
cp 
_1 



i-Scm 



C. 



\ 

«-i-o 

cm 


$o*o 

cm. 



♦1*5*0 c« I— t-a.s,«. -•^ «;Ocm \m- 
2«A a** 



Fig. 26 Comparison of Torsional Strength or Two Sections of Equal 
Area and Equal Bending Strength 
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22' 5 
Thus, exactly the same amount of steel provides ^p^r^ = 163 times as much 

torsional strength in the box as in the open section. The torsion constant 
K for the box section is obtained from Eq 42 as: 

ii- *"?.?""•?• -47 7m cm- 



fT-«) 



47 700 
Thus, for equal area, the box is found to be . ^ =132 times more rigid 

than the wide flange shape. 

If the wide flange shape were loaded to approximately 1/16 the torsional 
moment of the box so as to make each have approximately the same tor- 
sional shear of 945 kg/cm^, the wide flange shape would twist 8 times as 
much as the box of the same length. 

The foregoing comparison applies only to "uniform torsion and not 
to combined bending and torsion. In combination with bending, similar 
relations would apply but the differences between the two behaviours would 
be reduced slightly. 

The longitudinal stresses developed in the flanges in the case of unifomi 
torsion of wide flange shapes introduce a complex and serious design limita- 
tion that is relatively absent in box section of proportions required in heavy 
steel structures. The following design example will demonstrate the actual 
design procedure that might be followed if and when the torsion problem 
could not be avoided in a steel structure. 

Finally, an important attribute of the box beam, because of its great 
torsional rigidity, is the fact that it may be used within reasonable limits 
with no stress reduction when laterally unsupported. 

40. DESIGN EXAMPLE OF BOX GIRDER FOR 
COMBINED BENDING AND TORSION 

40.1 The illustrative design example of design of box girder for com- 
bined bending and torsion is shown in the following two sheets ( see Design 
Example 9). 

It is noteworthy that even greater torsional loads might be carried 
than those assumed in the design example with no apparent penalty to the 
bending strength of the box girder. This illustration amply demonstrates 
the importance of using a box section when torsion has to be included with 
bending in a design problem. 
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Design Example 9 — Box Girder for Combined Bending and Torsion 

As shown in the sketch, the box girder is of 5-m span and carries a wall load of _ 
1-8 tonnes per metre. At the centre, there is su spended a monorail I-beam hoist that 
cantilevers out 1-2 ml to either side of the box 
beam. The monorail hoist beam is first design- 
ed as a simple cantilever beam so as to obtain 
the dead load that it adds at the centre of the 
box beam. The bending moment in the box 
beam is now calculated and the required section 
modulus for bending alone determined on the basis of an allowable stress of 
1 575 kg I cm*. If the box were built up entirely of plates welded along 4 longitudinal 
lines, the allowable stress should probably be 1 500 Agjcm* but it is planned to use 
two channel sections to form the box and in this case a liberal interpretation of the code 
would indicate an allowable bending stress of 1 575 kgfcm*. ' ' 



Box Section for Combined 
Bending A Torsion 



I 
of 

2 



CrftCTlVE 
BAACIN« 



WALL LOAD 
• (/■ 
BOX SECTION 




Hoist load = 5 t 

Weight of hoist = 0-6 t 

Bending moment in I-beam for 
monorail hoist ( assume effective 
length = 1 m in ctmsideratiou of 
bracing provided ) 

5 X 1 X 100 = 500 cm-t 

Impact 100 percent =^ 500 cm-t 



DL 06x1x100 = 



Required Z = 



-Nr- 



1 000 cm-t 
60 cmt 
1 060 cm-t 
1060x1000 
1575 
= 674 cm* 
Use ISLB 350. 
Z = 751-9 cm* for the hoist. 

For the main girder, choose box 
beam for best torsional capacity. 
Make initial selection for bending 
£tlone with subsequent chedc on 
torsional stresses. 



XX 



SECTION 

Bending moment 

Masonry wall 1-8 t/m = 

Box beam, estimated weight 

012 t/m 
Hoist weight + load + impact 

= U t, say = 

Required Z = 



1-8 X5« 



8 
012 XS« 



XIOO 



8 



XlOO 



562-5 cmt 



= 37-50 cm-t 



11x5x100 



1975x10 00 
1575 



Total = 



1 375 cm-t 
1 975 cmt 
i 255 cm* 
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Two ISLC 400 channels supply a total sec- 
tion modulus of 1 399 cm^ and should be satis- 
factory when welded up continuously to form a 
box as shown in section on thi^ sheet. Plate 
diaphragms should be welded at each end to 
maintain the shape of the box and distribute 
both vertical and torsional loads to the reactions. The box should be made air-tight 
to prevent corrosion. Note that prior to welding the edges of the channels, they should 
receive a flame bevel cut and small steel back up strips should be tacked on the inside 
so that a full penetration butt weld can be made from the outside only. Since it will 
be impossible to weld internal diaphragms in this box, such as would be necessary on 
a large box section made up of 4 plate segments, there shouid be external stiffener plates 
provided as shown in the sketch on Sheet 1 adjacent to the location where the I-beam 
is suspended. Diaphragms did little or nothing directly to the torsional strength or 
rigidity aside from this incidental contribution. The shear stress in the box girder 
due to bending alone is now determined. This will be additive in one web to the 
shear stress due to torsion and will be subtractive in the other web. Thus, from the 
allowable shear stress of 945 kglcm^ there is subtracted the shear stress caused by 
bending. The remainder is the permissible shear stress available for torsional capa- 
city which is calculated by Eq 41. The applied torsional moment which is distributed 
one- half to each cud is found to be amply less than the torsional capacity. The shear 
stress in the web due to torsion is determined and added to that caused by bending with 
a resulting total of 718 kgjcm^. If the total shear stress were closed to 945 kgjcm*. 
it would be desirable to check for combined normal stress due to bending and shear neat 
the top of the section according to 12.2.3 of IS: 800-1956. 

There is no need to check the shear stress in the flange since this is considerably 
thicker than the web. It is to be noted that in a closed box section the maximum shear 
stress due to torsion is at the thinnest portion whereas in an open section the maximum 
shear is in the thickest portion. 



TACtC 

weLOCo 







£ 




> ISLC 400 



-BACKING STRIP 
FOR weLDING 



Try two ISJX 400 welded toe to toe. 
Z = 6995 X 2 = 1 399 cm' 
Torsion capacity: 

Average shear stress due to simple bend- 
ing I' = 5-54-1-92X2-S = 10-3 1 (including 
impact) 

10-3x1 000 ,^, , , , 

^3- 2x40x6-& -161 kg/cm' 

Available shear for 

torsion = 945-161 = 784 kg/cm« 
Torsion capacity: 

7K4 
Mj^ = 2 X 19-2 X 38-6 x ~^ x 6-8 

= 930 cm-t {see Eq 42) 
Torsional moments applied ; 
11x1-2x100 

T 



= 660 cm-t 



< 930 cmt OK. 

Maximum shear stress in 
web due to bending = 161 

Due to torsion = ^-r^ X 784 = 557 



930 



718 kg/cm* 
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41. DESIGN OF CRANE RUNWAY SUPPORT GIRDERS 

41.1 The rep«ated loading and unloading of crane runway girders produces 
a very important maintenance problem. There is considerable literature 
on the subject based on mill building experience. If it is7)ossible to minimize 
the differential building settlements, crane runway girders may well be 
continuous since the flexing of the rail over the support is reduced and 
the crane itself will have a smoother motion. It is outside the scope of 
this handbook to go into all of the maintenance problems and special devices 
that have been suggested for their reduction but reference may be made to 
ISI Handbook for Structural Engineers on Steel Work in Cranes and 
Hoists ( under preparation) and to pages 194 to 208 of ' Planning Industrial 
Structures ' by Dunham, a previously cited reference. 

The design example presented herein is essentially one of biaxial bend- 
ing under a moving load and is, therefore, similar to Design .Example 4. 
However, since lateral load is introduced at the top of thebeam because 
of incrtial forces resulting from acceleration of the trolley and lifted load 
transverse to the direction of the crane runway, torsion is developed in the 
crane girder. To comp>ensatc and minimize the problem of combined bend- 
ing and torsion, a channel is very often riveted to the top flange of an I-beam. 
The bottom flange of the beam is omitted as far as transverse load cal- 
culations are concerned. We then have a situation where a channel i^ loaded 
reasonably near its shear centre. The transverse loads are relatively small 
and the error involved in this simplification is not serious. The design 
example to be presented herein represents this type of solution to the crane 
runway girder problem afid the design will be for a simple beam. The WB 
plus channel section would not be suitable if a continuous beam were 
used because of the change in sign of bending moment over the support. 
It is recommended that if continuous crane runway girders are employed, 
the possible use of the box girder construction be investigated. For the 
design of a box girder under combined bending and twist, reference may 
be made to the previous Design Example 9. 

42. DESIGN EXAMPLE OF CRANE RUNWAY 
SUPPORT GIRDER 

42 . 1 The illustrative design example of crane runway support girder is shown 
in the following five sheets {see Design Example 10). 



121 



ISl HANDBOOK FOR STRUCTURAL ENGINEERS! STEEL BEAMS AND PLATE GIRDERS 



Design Example 10^^ Crane Runway Support Girder 

It is assumed that in a long mill building with 24 m span cranes of 10 tonnes 
capacity, the runway girders will be supported as shown in Section A- A at the bottom 
of the sheet and a JO-kgjm rail will be bolted 
to the top flange by means of rail clips. It is 
assumed that there are two cranes and the 
design shall be based on their joint ttperaiion 
with close wheel spacing as shown in the 
sketch. A plan view is also provided with 
bends shown at 9 m centre to centre. 



Desifn Example 10 



Problem Cited 



I 

of 
5 



Crane Runway Support Girder Design 

The problem is to design the crane runway |[irder to be used in an industrial 
building. The sketch shows a partial plan of the crane runway togesther with other 
pertinent information. The following are design cgnditions and requirements: 

1) The crane girder is a simple beam to be seated on each end. and 

2) The gilder section is to be built up from a wide flange shape and a channel 
using 20-mm rivets. 
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SECTION V: SPECIAL PROBLEMS IN BEAM AND GIKDER 



Design computations for maximum bending 
moment and shear are self-explanatory. It is 
to be noted that the loads for maximum moment 
are positioned as shown in the sketch here. 
The trolley is assumed to be as close as possible 
to one support of the 24'yn span crane for 
maximum load on the crane runway girder. 



Design Example 10 



Maximum Bending 

Moment & Shear 

Calculations 
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Crane capacity = 10 t Weight of crane Including trolley = 20 t 

Weight -4>f trolley alone — 4 t 

Determine maximum bending moment. Total crane girder weight = 16 t 



1*3 m MtN 
CLEAflANC£- 



"*- 



]E 



Mt CrtlOLLEY+ LIPTCO lOAO) 



5' 



Position of Crane Trolley for Maximum Crane 
Runway Girder Load 

£71/ about B and solving for R^: R^= ~^f 14x22'8 + 16x ?~) == 21-3 t 
This load distributed to two wheels on each of 2 cranes is shown as ; 

r 1.3 M MIM CttAtANCC 
lO««St \ (O'ftSt lO>Mt 

-3.Si»- 



For maximum moment in 9-m span, 3 wheels (31-95 t) will be on span. Place 
centre of gravity and one wheel equidistant from centre line. 

To locate centre of gravity -SM about (1) of (1), (2) and (3) should be divided 
by the total of the three wheel loads to give: 

10-65x3-5 + 1065x(3-5 + l-2) ^ j.„ ^ ,^„^ („ 

3.5_2'73 
,\ Distance of centre of gravity from (2) is s = 0-39 m* 




• U— 3-iam W 

' ca-H I 




1*3 mMW 
CLCARANCC 



a 

-••OOin- 



1^ 



R^ = 



3 X 10-65 X 4- 89 



= 17-4 t 



^A ~ 9 

At (2), Mmax = 17-4 X 4- 89- 10-65 X 3-5 = 47-7 m-t 

Plus 25 percent impact = 119 m-t 

Live load moment — 59-6 m*t 



•See sketch. 
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D«slgn Example 10 



Preliminary Daslfn 
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In this sheet, after calculating the bending 
moment due to horizontal load, an approximU" 
Hon of the required section modulus is obtained 
by dividing the bending moment due to vertical 
load by the allowable stress in the tension flange. 
The section modulus for tensile stress will be changed but little by the addition of the 
channel to the top flange since the distance from the neutral axis will be increased 
while the moment of inertia is likewise increased. No deduction is made for rivets in 
the top flange but full deduction for the drilled holes for the 20-mm rail clamp bolts 
shall be m.ade in determining the stress in the compression flange. The compressive 
stress in the top flange due to vertical loads is determined and the compressive stress 
for lateral loads is calculated with the assumption that all lateral loads are taken by the 
channel and top flange of the wide flange shape. 



DL Rail 30 kg/m = 003 t/m 
Assume beam weight @ 200 kg/m = 0-20 t/m 



DL Moment — 
Horizontal load ^ 
Per wheel = -7- 



0-23 X (9)* 



8 



0-23 t/m 
= 2-33 m-t. Total vertical moment = 6193 m*t 

10 percent of 14 t {see 6.2 of IS: 875-1957) = 1-4 t 

0*35 
Horizontal moment = rTrr? x47-7xl00 
I0*o5 

= 0-35 t -= 157 cm-t (by proportion) 

Approximate required Z (due to vertical bending moment only) 
_ 61-93x1000x100 

1575 
= 3 930cm« 
Try ISWB 600, 1451 kg and ISLC 300, 33-1 kg 



CC Of 

CH*NNa~ 



T 




1 \"^y 



C OF ISWft 




ISWB 

ISLC 



Area, 
A 

184-80 
4211 
22<H>7 



y Ay y A[y) ^x 

— 52.* 4 000 115 826-6 

28-12 1180 22>»2» 22100 8460 

TISO" 37 000 115972-6 



1S.4T«W 

-IMW too 



^*V 



(gross) 



= 27 090+115 972-6 
= 143 062-6 
^« (net) 143 062-6 = 2x2-1x3-03 

X (23-95)' (for 20-mm rivets) 
= 135 800 cm* 



Z„ = 



/uet 



135 812-6 
25-47' 



5 320 era* 



fbxx = 



.61-93x100x1000 



= 1 162 kg/cm* 



-Tf--^dy€i 



5 320 
For top flange and channel only: 
5 298 3 
2 
Net/yy 3= 8 6971-2x21 X 30x7* 
= 8 080 cm* 



Gross lyy 



-+6 047-9 ==8 6971 cm* 



1180 



'Vb "^8^ " ^*^ era. y^, - 80-67-6-3-2-55 -s 22-82 cm. 
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IHsIgti ExampI* 10 



Ch«ck of Preliminary 
Dasign 
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Since section is unsymmetricat about theX-X 
axis, the permissible stress under vertical loads 
shall be determined hy use of E-3,1 of Appen- 
dix E in IS:B00-i95<5 or Table HI in this 
handbook. It is found, however, that the 
allowable sirens by the tables in Appendix E 

of IS: 800-1956 'is above the maximum permissible stress of 1 500 hg/cm*, and the 
latter, thertfore. governs. The problem then is simph one of combining- the two 
stresses. Had the allowable stresses been different, the interaction formula procedure 
suggested previously in Design Example 4 would have been recommended. U is now 
necessary to check the tensile stress due to vertical bending alone and this is found to 
he 1 520 kglcm^. The allowable stress for a rolled section of I S75 kgfcm* is assumed 
to govern on the tension side, so the selection is satisfactory. 



Zyy = 



8 080 



— 540 cm" 



15 
,^y^ - -1'—*^ = 290-8 or say 300 kg/cm« 

To determine final F^,, 

use Appendix E of IS: 800-1956 or Table III of this handbook, which should not 
exceed 1 500 kg/cm« nor C = ^+A,B 

8 6971 



11 346-2 



= 0-766 



Af for the purpose of Table XX of IS: 800-1956 

A, = 0-266 {see Table XX of IS: 800-1956) 

y' 11 346*2 
42:nTT84^ = '^^^ """^ 

Ijr = 1^ = 128, Flange area = 42 11 + 25x2-36 = lOlll cm» 

/. = ~]^ = 3-37 cm (for N =!.*» = 1). d{U = ^^ := 18 

Using Table XXI of IS: 800-1956 or more conveniently Table IV. 
for Ijr = 128. dite = 18. C = A+k^B >1 575 kg/cm» 
.-. 1 500 kg/cm* controls design {see 9.2 of IS: 800-1956) 



At point C, 9,5.1 of IS: 800-1956 providas 



1 162 (300 
1500 



1462 
1500 



I'k 



<1 



0-97<l OK. 



Chech tensile stress (based on gross /. vertical load only) 
Z« (tension) = 1 43 062-16 = 4 070 cm* 



fb (tension) 

Check weigm assumed, 
ISWB =« 

Channel = 
Rail = 

Fittings = 



35-2 ^ 
6193X10* 
4070 



= 1 520 < 1 575 kg/cm« (Allowable stress 
for rolled section OK) 



145- 1 kg/m 
331 
30-0 
7-5 
215-7 kg/m = 0-22 t/m approximately equal to 023 t/m 
aMumed in the design OK. 
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In order to determine the rivet pitch, the 
maximum shear at various points along the 
girder shall he calculated. It ts convenient to 
determine the maximum sht-ar at metre inter- 
vals by use of the influence lines as shown on 
this Sheet. The sumntation of influence line co-efficients for maximum shear at the 
successive points between the centre line and one end are tabulated and since maximum 
spacing conditions are apt to govern rather than .stress requirements, the J6'mm rivets 
are tried out in the design. 20-mm rivets could be used if preferred. It turns out, 
because of the light loads, which were purposely selected, that the rivet stress require- 
ments do not govern at any point along the girder. The controlling factors are the code 
requirements for a maximum spacing at the ends of six times the rivet diameter and 
a maximum in line pitch not to exceed a pitch thickness ratio greater than 16. Since 
further aspects of this design duplicate procedures that were previously presented, they 
are omitted here, but final note is emphasized that the holes should all be drilled after 
assembly to minimise the possibility o/ fatigue cracks developing under repeated load. 



Determine rivet pitch 

Maximum shear required calculate at one-metre intervals and at t 




INFLUENCE LINCt 
FOR tHEM 



Influence coefficients for maximum shear at: 

y*:(9-i-5-5 + 4-3+0S)/9 = 19«/9 D: («+2-5 + l-3)/D = 9-8/9 

B:(8-l-4-5-|-3-3)/9 = IS-S/fl £: {5 + 1-5 -|-0-3)/l) = 0-8/9 

C:C7+3-5+2-3)/fl =12-8/9 F: (4-5+l-0)/9 = 5-5/« 

(Power driven shop) rivets: 



Shear 2-16 mm rivets SS = 2xl7*x , xl 025 = 4-64 t 

4 



see Table IV of 

IS: 800-1956) 
Bearing = 2x17x0-67x2 360 = 5-38 t 

-RI 
Single shear controls, Rivet pitch p = j;~-,Q = 42-11 X 22-92 = 964 cm» (gross) 

/?/ 4-64 X 143 0626 ,^ 
= ^ = 690 

Shear stress in web 
near compression flange Q 
= 964+25 X 2-36 X 23-62 
= 2 359 cm» 

V = ^^ 

_ 3004x2 359x1000 
~ 143 062-6x118 
= 419 kg/cm« 

Try 6 X 20 = 12-mm pitch (for 20 mm diameter rivet see 25.2.2.4 of IS : 800-1956). 
Maximum in line pitch governed by Pjtmeh = 16 (for intermediate length) 
P == 16 x0'67t = 10-7 cm < 12 cm. Hence use 10-cm pitch throughout the length 
21 -mm holes for ri\^ets to be drilled after assembly b^ clamps. \ 
For bearing, local crippling, etc, see Design Example 1. 
___^_________________,______it_ 

•Live load = 10-65 t+23 percent impact = 13-31 t^ 13-31 xl9-«/0 = 29 t. 
tWeb thickness of ISLC 300 = 67 mm. 



Location 


She AX 


Pitch 


A 

B 

C ' 

D 

K 

F 


DL 

1-04 
0-81 
0-58 
0-35 
0-12 
00 


LL 

29* 
23-4 
18-9 
U-.'i 
10-1 
8-1 


DL + LL 

30-04 
24-21 
19-48 
14-85 
10-22 
8-1 


20-0 cm or more (.»« 
M.X2.1 of IS : 800-t95fi). 
But other considerations 
as seen further do not 
permit pitch to be as 
high as 20 cm. 
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SECTION VI 
PERFORATED AND OPEN WEB BEAMS 

43. OPEN WEB JOISTS AND BEAMS 

43.1 Open Web Joists — There has been phenomenal growth of the use of 
open web bar joists in overseas countries. These joists, as discussed in 
ISI Handbook for Structural Engineers on Functions of Good Design in Steel 
Economy { under preparation ) are not so much designed as they are deve- 
loped and tested by various individual companies with the aim, however, 
of complying with certain standardized overall dimensions and load capa- 
cities for standard span lengths. 

With changes in the figure numbefs, the following is quoted verbatim 
from an article by Henry J. Stetina* regarding the detailed application of 
open web joists in building constructions: 

' Why are open web joists popular ? The primary consideration is 
usually that of costs. This floor system supported on a steel frame and 
fireproofed according to modern practices is regarded by many engineers 
and architects to be the most economical construction of all structural 
systems. 

Many factors contribute to this economy. Joists have been developed 
to a high degree of standardization and are produced by many manu- 
facturers. The cross-sections of the popular types are shown in 
Fig. 27. All possess the common characteristic of being interchangeable 
for any given depth and span. That is so because all joists conform to 
a standard loading table. They vary in depth from eight to sixteen 
inches ( 20 to 40 cm ) and are identified by a standard nomenclature. 

Joists are quickly installed, braced and welded, as shown in Fig. 28. 
A cover, such as a metal lath, illustrated in Fig. 29, is then connected to 
the top flanges, and the lath serves as a form. Besides lath, two other 
products are in common use for this purpose : a paper backed wire mesh 
and a light gauge corrugated steel sheet. In the case of lath, it is custo- 
mary to supply some additional reinforcement in the form of wire mesh 
as shown in Fig. 30. AH of these concrete forms are sufficiently sturdy 
to support workmen and light construction loads {see Fig. 31). 



♦NAS-NRC No. 441. Building Research Institute Conference Proceedings 
ON ' Floors and Ceilings '. National Acadftmy of Sciences, 2101 Constitution Ave., 
Washington 25, PC. 

127 



ISI HANDBOOK FOR STRUCTURAL ENGINEERS: STEEL BEAMS AND PLATE GIRDERS- 

T T ! 
1 i 1 



{Ql 



(b) 



(c) 



T T T 
1 i 




(«) OCTAtLS OP OPEN-Wea S1CEL JOIST 

EiG. 27 Popular Types df Open Web Joists 



Ribbed metal lath or gypsum lath is fastened to the bottom flange 
and plaster applied. In the case of a double ceiling this contact ceiling 
may serve only as fire protection, therefore, the plaster finish coat is 
omitted. In the case of single ceilings it serves both as fire protection 
and finish. Fire resistance is readily obtained; two, three or four hours 
depending on thickness and composition of the plaster and the base 
material. 
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SECtlON Vr: PERFORATED AND OPEN WEB BEAMS 




Fig. 28 Open Web Floor Joist Installed and Braced 
( Photograph by courtesy of American Institute of Steel Construction ) 



Still another advantage that some builders stress is that the open webs 
speed up the work of the following trades. Electrical work and pipes 
may be more readily installed.' 

Figure 32 shows a pleasing use in school building construction of open 
web joists of the type indicated in cross-section in Fig. 27(a). It will be 
noted that these are made of four angles with a zig-zag bend reinforcing bar 
welded between. 



129 



ISI HANDBOOK FOR STRUCTURAL ENGlKF.PRS'. STEEL BEAMS AND PLATF GlRBL 







r,G 29 METAL Lath Cover for Permanent Forms 

( rh .togravh by co.utesy of American Institute of Steel Construction ) 
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Fig. 30 Addittionai. Wirb Mesh Reinforcement 
( Photograph by courtesy of American Institute of Steel Construction ) 
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Fig. 31 Placing Concrete Floor Slab Above Open Web Joists 
( Photograph by courtesy of American Institute of Steel Constructioi. 1 
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Fig. 32 Open Web Joist Roof Purlins for Elementary School 
( Photograph by courtesy of American Institute of Steel Construction ) 
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Fig. 33 Perforated Web Beam Construction 
(Photograph by courtesy of American Institute of Stesl Construction) 
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SECTION VI 1 ?BltFORATEI> aKD OtEN WEB BEAMS 

44. DESIGN OF BEAMS WITH PERFORATED WEBS 

44.1 The beam with perforated web is another development which is similar 
to that of the open web joist. It is, in fact, an open web joist in itself but 
is made up out of a single rolled wide flange or I-beam shape by flame cutting 
the web 'along a zig-zag line and rewelding the two cut portions to give a 
beam that normally is 50 percent deeper than the original section from which 
it was obtained. An example of this type of construction in practice is 
shown in Fig. 33. A perforated web beam is suited to the same type of 
light uniform load and long span application as the standardized types of 
open web joists. The perforated web beam has Jiot become nearly as popu- 
lar in the United States as the open web joist. However, recent tests by 
Toprac, et al* of a number of perforated web beams substantiate the proce- 
dures that will herein be presented as Design Example 11. In comparison 
with the open web joist, the perforated web beam requires somewhat more 
welding and would appear to be more wasteful of steel. However, weight 
comparisons for similar capacities in a number of spans seem to indicate 
Httle to choose from between the two as far as total steel requirement is 
concerned. 

45. DESIGN EXAMPLE OF PERFORATED WEB BEAM 

45.1 The illustrative design example of perforated web beam is shown in 
the following seven sheets {see Design Example 11 ). 



♦Altifilusch, M., Cooke, B.R. and Toprac, A.A. An Investigation of Open 
Web Expanded Beams. Welding Joufnal Research Supplement. Vol 22, No. 2, 
p. 77-88 (February 1957). 
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Design Example 11 — Perforated Web Beam 

An open web roof beam with perforated web is designed for a char span of 18 metres. 
The. estimated weight of roofing, ceiling and purlins is 75 kgjm^ and the live load is 
150 kgjm. The spacing of the roof beams with 
perforated webs will be determined by capacity. 
By way of comparison. Design Example in the 
next section will be illustrative of the applica- 
tion of a tapered depth beam to the same load 
conditions. The cutting plan is shown on 
Sheet 1, Good practice maintains the depth of the stem of the tee section at the 
minimum beam cross-section to -no less than one-quarter of the original beam depth 
as shown in this layout. When this is done, the over-all perforated web beam depth 
will be 50 percent greater than the original rolled- section from which it was formed. 
Local bending stress will be checked tn the tee -section; hence the need to calculate 
sectional properties. 



Design Example 11 
Problem Cited 




Perforated Web Beam Design 

Design an open web roof beam with perforated web for clear span of 18 m. 

Load assumptions: 

Dead load including weight of roofing 

sheets, ceiling, and purlins = 75 kg/m* 

Live load = 170 kg/m' 

245 kg/m« 
Spacing of perforated web roof beams will be determined by capacity. 



Use ISMB 600, 122-6 kg 




^l^ 



t_L 



30-0cni 

- 90-0cm 



«^Z» 



— SECTION XX 



Calculate property of tee at optii throat: 



Area of flange 21 x 208 
Web 12-92x1-2 



= 43-7 cm2 
= 15-5 cm2 



59-2 cm^ 
Position of XA, by taking moments above top line 

_ 437x1-04 + 15-5x8-54 



""59-2' 



= 30 cm 
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Design Example II 



Preliminary Selection of 
Spacing of Beams 



2 
of 
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At the centre, the moment is maximum and 
the local bending atress in the tee section will be 
very stnall.y It is assumed that the moment 
capacity at the centre is the product of the total 
tensile or compressive resultant and the dis- 
tance between the tee cenirotds. The resultant 
stress in the tee is determined at an average stress of 1 500 kgjcm^. The capacity in 
terms of total load on a simple beam is then determined and from this is subtracted 
the dead weight of the beam itself. On the basis of net capacity, the spacing of per- 
forated web beams is chosen at 7 metres. The actual moment capacity is now 
calculated on the basis of the assumed spacing and the average shear stress in the end 
open section is found to be 458 kgjcm^. The horizontal shear stress is now checked 
at location 1 by static equilibrium of the free body diagram shown at the centre of 
Sheet 3. The local combined stress in the tee section due to direct force plus bending 
is now investigate. The combination at location B in the sketch at the bottom of 
Sheet 3 is critical. 



Calculate / of tee about NA: 
43-7 X (202)* 



12 



= 16 



43-7 X (2-96)* - 182 
15-5 X (12-92)^ _ 216 



Flange 



} 



12 *w j^ ^^^ 

15-5x(S-5J* ^ 463 

877 cm* 
Moment capacity based on average stress of 1 500 kg/cm*. ( Purlins welded to 
top flange plus cross bracing in plane of roof are -provided for lateral support.) 

M = 59-2 X 84 X 11^^ = 7 450 cm-t 

( 84 cm = distance between NA of top and bottom tees ) 
Span = 18 m 

If total distributed load for simple beam is W, then 



-.-„ 1^x18x100 

7 450 == ^— 



W = 



7 450 X 8 



Less weight of beam = 



18x122-6 



1 800 



- - 33-2 t 



= 2-2 t; Net capacity -- 33-2- 22 = 31 t 



1000 

Let 5 = span c/c perforated web beams 

, , *245x.Sxl8 ,, ^^ ^, 310x1000 

Load ^ - v^^,^ = 31-0 t .-. 6 =: "o^crTo" "" ^ay 7 m 

245 X 18 



1 000 



Choose a spa,cing of 7 m c/c. 



SYM ABOUT 




*Load, see Sheet J. 
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Load per metre == 245x7 = 1715 
Beam weight = 122-6 



1 837-6 kg 



Design Example M 



Check of Combined 
Stresses 



3 

of 
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... , , 1837-6x18 .. _ 

Maximum end shear = o TTuvT ~ ^"'^ * 
2X1 IXMJ 

Maximum BM at centre = x 100 ~ 7 425 cm-t (less than 7 450 cm-t 



capacity, Sheet 2) OK. 



Average sheer at ends: 



Check horizontal shear at 1 {Refer to sketch on Sheet 2) 
Total shear at A = 16-5 X 0-9 = 14-85 t {see sketch here) 

Assume compression normal force resultants pass 
through A and take moments about A (centroid) 

42 V, = '^-^ X 90 

. v^ - 15-95 t 

15-95x1000 
Shear stress/, = T^lO^O" 

= 666 kg/cm* < 945 kg/cm^ OK. 

Maximum combined local bending and direct stress in tee segment near 1/4 point 
(Try locations 2, 3, 4 and 5 shown in sketch on Sheet 2) 
Location 2: 

Shear = 16-5x0-65 = 10-72 t 

Moment = 7 425(1—0*65*) (Moment diagram being a parabola, moment 

gets reduced as the square of the distance from 
=- 4 300 cm-t centre.) 




lO'Otm 



-^-fc 




Direct stress /, - s ^ i ^Z^A ^^^^^ ""^ flange -S9-2 cm*) 

= 867 kg/cm' (distance between top and 
bottom centre of gravity 
= 83-84) 



(Halved because of two 
flanges at top and bottom.) 
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Design ExatmpU II 



Check of 
Combined Stresses 
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of 
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The sample computation of local bending 
stress due to shear is given at the top of this 
sheet and the combined stress ai each location 
is tabulated. The surprising uniformity re- 
sults from the fact that as the average direct 
stress in the tec increases towards the centre of 
the span, the local bending stress due to sf}ear decreases. The combined stress has a 
maximum value of 1 711 kgjcm*. Although not covered by the code, it seems reason-^ 
able to permit the maximum combined stress to be 1 575 kgjcm* because of its localized 
nature. The spacing ts revised to 6'3 metres to bring the stress dtnvn to 1 575 kgjcm*. 

Although djtw is less than 85 in the solid portion, the open nature of the web indicates 
the desirability of adding an end stiffener. A tee section split by flame cutting a wide 
flange shape is welded tn position as shown at the bottom of Sheet 5. 

Bending stress at B due to shear, 

„ 10-72x10-0x12 
^^' - 2^^877* "" ^ ^ 

= 730 kg/cm« 
Combined stress at B = Z^+Zj^, = 867+730 = 1 597 kg/cin= 
At 3, Shear = 16-5x0-55 • = 9-08 t 

Moment = 7 425 (1 -0-55*) = 5 180 cra-t 

Direct stress at 3, /^ == "59^x83-84" ^ kg/cm" 

Bending stress due to shear at B^ 

- 617kg/cm« 

Combined shear at i^ = /.+/jj,-=l 044 + 617 - 1 661 kg/cm» 

At 4, Shear = 16-5x0-45 - 7-43 t 

Moment --= 7 425 (1 -0-45*) = 5 921 cm-t 

Direct stress at 4. /, = |^?|lill^ =1198 kg/cm* 

Bonding stress at B due to shear 

f -. 7 43x100x12 

f^b ~ 2x877 "^^^^ 

^ 505 kg/cm' 

Conlbined stress at 4 - /^+/^(,^ 1198 + 505= 1 703 kg/cra« 

At S, Shear = 16-5 X 0-35 =5-77 

Moment = 7 425 (1 -0-35*) =6515 crat 

T^- X ^ ^c r 6515x1000 .,10, , 3 

Direct stress at 5,/^ = 59.2x83-84 "" 1 318 kg/cm« 

Bending stress at B^ 

5-77 X 100x12 
^^^ - 2x877 "^^^ 
= 393 kg/cm« 
Combined stress at 5 = fc+fsb=''^ 318 + 393 -^ 1 711 kg/cm» 

•Moment o£ Inertia /, see Sheet 2. ^^ _^^_^___^^„ 
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At 6, Shear 



Moment 



Direct stress at 6*/- -= 



16-5 X 0-25 
4125 t 

7 425 (1-0-25*) 
6 975 cm^t 
6 975 X 1 000 



59-2x83-84 
= 1 4b4 kg/cm* 
Bending stress at B^ due to shear 



Dettgn Example II 



Revision of Spacing 
of Beams due to Metx 
Combined Stress Exceed- 
ing Permissible Limit 




fst = 



4125x10x12x1000 



2x877 

= 281-0 kg/cm* 

Combined stress = /c+/s6 ^ 1 404+281 = 

Thus maximum combined stress is at section 

Hence the capacity has to be correspondingly reduced. 

T, ^ , ^ .^ 1 575 x7 425 

Reduced moment capacity = 



1 685 kg/cm* 

5 = 1 711 kg/cm« 



Load capacity 



Less weight of beam 



Revised spacing is S 



1711 
6 850 cm*t 
6 850x8 
1800 

30-40 t 
2-24 t 



28-16^ 
2816x1000 

245 X 18 
6-37 m 



Choose 6'3-m spacing. 

End support detail 

Provide end stiffeners over supports even though dfi < 85 as perforated web 
beams are weak in web bending about longitudinal axis. 



■All AT tND NttD NCff 
se CHECtOLP KCAUSC OF 
ADOtO STirFKNER 





SECTION XX 



BEARING PLATE 



-TEC SCCTIOli SPLtT 
fROM ISWS400 
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SECTION VI: PERFORATED AND OPEN WEB BEAMS 



Design Example 



Deflections 



6 

of 

7 



Previously cited tests ( see 44.1 ) have shown 
thai, for this type of perforated web beams of 
the proportions used in this design, the bending 
deflection of the beam may be approximated oh 
the basis of the average moment of inertia of the 
solid and perforated sections. The deflection as a simple beam is found tj b^ 5-2 cm. 



Since tests and more accurate studies of the local 
deflection show that the local effect is a relatively small 
one, it is possible to estimate roughly the magnitude 
by calculating the local bending deflection due to 
shear as follows: 

The deflection of a tapered cantilever, length 

m + ~ may be approximated by a constant {minimum 

section ) cantilever ( shown by dashes in the sketch ) 

of length ~^^~ 




li 



Deflection of cantilever = 



(D C^")' 



ZEIr 



(43) 



In each perforation panel, deflection will be doubled, hence, per panel 
l/(m-t-«)' 



J.el p 



"^ ~ 24 EI J 

number of perforation panels in a half span. 
Favg p (w + «)» 



(44) 



Total 8v = 



24 EI^ 



(45) 



Using Eq 45, the deflection due to localized tee section bending is found to be 
016 cm. The total cf centre deflection is now .estimated at 5-36 cm and it would 
prcbably he desirable to -give a perforated web beam of this type a camber of at 
least 3 cm to avoid unsightly sag. 



Check deflection: 

Base beam bending deflection on average / of solid and open sections above 
the centre line, plus estimate of local bending deflection. 



Perforated section: 

/ -= 2x59-2x42* 

+ 2x877 {see Sheet 2) 



= 208 000 

= 1 754 
209 754 cm* 
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Solid section: 

I of perforated Beam = 209 754 
l-2x60» 



Design Example II 



Deflections 



+ - 



12 



= 21 600 



231 354 cm* 
Average / = 220 554 



Deflection due to general bending = 



384 

= 52 cm 

ir * A 30-4 ^ 

V at ends = — — t 



, *30-4 X 1 800» ;< 1 000 
^ 2 050 000x220 554 



V at centre == 
A Favg = 



[^^H^ 



= 7-6 t 

p = 10(»w + n) =. 450 mm 

E = 2 050 000 kg/cm* 

/* - 877 cm* 

Deflection due to localized tee section bending from Eq 43 

7-6x10(45)^x1 OOP 
•'* " ~ 24x2 050 000x877 

= 016 cm 

Total deflection at centre = 5 "36 cm 

Camber 30 cm ( Dead load + part of I^ive load ). 



7 
of 

7 



*J.oa(l rapacity, see Sheet 5, 
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SECTION VII 
TAPERED BEAMS 

46. INTRODUCTION 

46.1 A recent pamphlet entitled ' Welded Tapered Girder ' distributed 
in 1956 by the American Institute of Steel Construction has focussed atten- 
tion on the growing use of roof girders of tapered depth. The introduction 
to this pamphlet, reproduced below with change in figure number, describes 
this type of construction and its advantages in a way that cannot be 
improved upon: 

' In recent years tapered girders fabricated by welding plates together 
have become increasingly popular in the framing of roofs over com- 
paratively large areas where it is desirable to either minimize the number 
of interior columns or to eliminate them altogether, dependent upon 
the v^idth of the building. The two halves of the web are produced from 
wide plates, with little or no waste of material, by making one longitudi- 
nal diagonal cut. These halves are then rotated and spliced to give the 
maximum depth at mid-span. When camber is required, it may be 
obtained very simply by skewing the two halves slightly between their 
abutting edges before making the splice. 

Roof loads being relatively light, tapered girders may generally be 
fabricated from plates the thickness of which is limited only by avail- 
ability and the maximum web depth-thickness provision of the AISC 
Specification. 

When the girders are used with the sloping flange up, their taper in both 
directions from the ridge provides the slope that may be required for 
drainage. Furthermore, by varying the end depth of successive girders 
the deck may be canted to drain toward roof boxes in the valleys between 
adjacent gabled spans and at flanking parapet. walls, thereby eliminating 
the necessity for crickets. 

For flat roofs the girders are inverted, the tapered flange being down. 
Some other roof designs frequently call for a gable ridge in the centre 
span of three spans across the width of the building. In such a case 
inverted girders are used in the outside spans thereby continuing the 
same slope of decking to the walls. 

There are also additional advantages. Economy is realized in dimini- 
shed overall height of exterior walls as a result of the reduced depth 
of web at the ends of the girders. Also when used as the principal 
carrying members for ordinary joisted roof construction above, and a fire 
retardant ceiling below, tapered girders provide the tight draft stops re- 
quired by many building codes as a means of subdividing the attic space. 
One system of tapered beam construction is illustrated in Fig. 34.' 
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Fig. 34 Tapered Roof Construction 
{ Photograph by courtesy of Ar.-i> rican Institute of Steel Construction ] 



SECTION VII : TAPERED BEAMS 

47. DESIGN EXAMPLE OF TAPERED BEAM 

47.1 Tapered beams may also be built up by flame cutting on the skew the 
web of a rolled beam, then reversing theiwo segments and rewelding together 
with a single straight weld. Design Example 12 to be presented herein 
takes the same beam that was made into a perforated web section as Design 
Example 1 1 and develops a beam of identical span and load application as 
was used for the ]>erf orated web beam. The result indicates that the per- 
forated web beam is slightly more economical than the tapered beam for this 
particular design. In addition, the perforated web beam deflects some- 
what less than the tapered beam but both may be given a camber to eliminate 
any unsightliness due to deflection. When used as a roof member, the 
tapered beam has some advantage over the perforated beam in that a natural 
pitch is provided with a resulting pleasing appearance as well as simple 
drainage characteristics. Of course, if a fiat roof is desired, the tapered 
beam may simply be inverted, 

47.2 An illustrative design example of a tapered beam is shown in the 
following three sheets {see Design Example 12). 
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Design Example 12 



Determining Load 
Carrying Capacity 



of 
3 



Design Example 12 — Tapered Beam 

The moment is determined at the quarter point for an assumed uniform load. The 
fact that the web is tapered will cause neglig ible error in this assumption . Since 
this particular tapered girder is formed by ' 
reversing two skew-cut segments of a rolled beam 
for each half-beam span the section moduli and 
properties of the original beam section will be 
unchanged at the quarter paint where the depth 
remains as originally rolled before flame-cutting 
and rewelding. Thus it is convenient to estimate the capacity of the tapered beam 
on the assumption that the maximum stress will be at the quarter point. For uniform 
load, the use of the tapered beam obviously will increase the capacity in comparison 
with a straight beam section by 33 percent. The bending moment at the quarter point 
is three-quarters of that at the centre where the mdtnent would control in a straight 
beam. The net capacity of the tapered beam is found to be 26'17 t as compared with 
28-16 t for the perforated web beam Design Example under the same load conditions 
and span length. The difference in amount of steel between the two special beams 
is about 10 percent but the cutting pattern and welding ojperation are more complex for 
the perforated web beam than for the tapered beam. 

The procedure used in this design example to find the proper taper that will give 
a maximum stress at the quarter point is 4o determine the proper depth for the same 
maximum stress one metre closer to the reaction point than at the quarter point. Thus 
is determined that point at which the derivative of stress as a function of beam depth 
ic equal to zero and thus the stress is ( in this case ) a maximum. 



Tapered Beam Design 

Light tapered roof girders formed by longiiuumal skew-cut of ISMB 600 is shown 
as an alternative to peiforated web beam formed from same section {see Design 
Example 11). 

Make critical section at 1/4 point (1^/4) = 4*5 m where tapered beam has 
original depth d. 

A^ -./^ • ^ ,^ 3 PFL 3x1 800^ -„ 

At 1/4 point M = ^ -g- -= -^ — 'XW cm-t 



M 
Z 



= 3 060-4 cm» {see IS: 808-1957 ) 

- „ 3x1800 

= / Hence, 



W ^ 



32x30604 ^^^^0^ 
1 575x32x3 060-4 



Deduct dead weight 122-6x18 
(10 percent added for stifieners) 



3x1800x1000 
= 2-21 
= 0-22 

Net load 261 7 t 



= 1 575 kg/cm* 
= 28-6 t 



d=:600n«i 




U6 



SKmON Vi:: T\rFRFD BKAMS 



Design Example 12 



.^fost of Sheet 2 pyovides seif-explanatofy 
details whereby the section modulus of the 
tapered beam is found as a ftmctiou of beam 
depth. Then by detcrnuning the depth one 
uietre fyn»i the qunrtcr point to nuihe the stirss 
equal to that of at the qiiartrr point, the depth of beam and tapered slope arc determined. 



Determining Taper 



1 
of 
3 



'J'<j ilctcrmiiic jiroijor tapi^T, iisstinif sanu; stress at u section 5'S in from t. and 
(Jctcnnine deptli ((HK.' iiu'tre froni (luarter jjoiiit). 



28-6 X 18x100 



- 6 435 cm-t 



M 1,-^ S-S m ..-- ^^.r^- (9.0) 1 '-' fJ ■^35x0626 - 4 03S cm-t 



Ti) estimate Z as a I'unclion of rlejnli for tapered sectum for ISMB 600, 122-6 kg, 
det<'riiiine an e<pii\'alent tlanfj;e area .!/• as sluiwii. 

h -^ 21-0 cm 

d --■= 60 '0 cm 

fu: -= 1-2 cm 

// -- 2-08 cm 

Prr -- 91 813 cm* 
Zv. = 3 060-4 cm' 
Ai^sumc 7i -. 60-2 08 ^- 57-92 cm 




T. . ^-^ 






_^ 1 .\F{hY' 

U. - j2 ^"^^ ''" 2 " 

1 - '57-922 

91 813 - ^2 1-2x60^ l-Jf ^-^- 

7\ir ==41-9 cm^ 
Area of section -= 41-9 x 2-X 1 -2 X 60 - 155-8 cm^ 

The area from structural tables — 1 56-21 cm'^ 

But use 155-8 cm^ only as equivalent (or effective) area. 
For \'ertical depth 
27 



Z = 



t,i>dx'' , Ar{h)^ , - , ^^_ 

■—-\ ■-- where // = rf;r— 2-08 

6 dx . 



dx 
- 0-2 </t- + 41 -9^^^-4-16 ^'^^'^-^^ 

Required Z at 5-5 fron) t 

to have a stress of 1 575 kg/cm* = 



4 035x1000 



1 575 



Reduce to a quadratic equation by approximating - 

or 0-2dx'^ + 4\-9 dx~\7l-4 = 2 565 

or 0-2rf^» +41 -9^,-2 736 = 0, 

Taper slope -= 60 — 52-5 = 7-5 in 1-0 m 

dc @ <t - 60 + 7-5x4-5 - 93-75 cm 

dc (a) ends = 60-7-5x4-5 = 26-25 cm 



4-32 



= 2 565 cm' 
- 0-07 

= 52-5 cm 
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Design Example 12 



Final Check of 
Stresses 



3 

of 

3 



As tt final check on the stress due to bending, 
three points are chosen near the quarter point 
and direct calqulation made of the stress at these 
points. 

A calculation of ike defle, Hon is made using 
Newmarh's numerical procedure. This is 
very accurate for a problem of this type and especially useful because of the variable 
moments of inertia. For the details of this procedure, reference should be made to 
Section IV. The formulte for equivalent concentrated angle change are given on 
p. 86 and it should be noted that at the centre line of the tapered beam there i,s a sharp 
discontinuity in the MjEI diagram. The statement made in the last two sentences 
of tkB last paragraph of 21. \ ( see p. 88 ) applies to the calculation of the concentrated 
angle change at the centre line. Simpler examples of the procedure have been given 
previously on p. 97 and 98. 



End shear capacity: 



28-6 



V = 26-25 (1-2) 945 = 29 800 kg or 29-8 t > -s— maximum end shear {see 

2 p. 146) OK. 



Check stress due to bending at 3 points near 1/4 span. 

d = 93-75-^ X - 93-75 -7-5Ar {x is in metres); M = Mc Q^^^ 
Z - 0-2 d^ = 41-9 d-\7l-6 {.fee Sheet 2) 




4 

4-5 
5 
6 



d 



63-75 
60-0 
56-25 
48-75 



d* 



4 0fiO 
.1600 
3 1T0 
2 380 



0-2 d* 



813 
720 
634 
476 



41-9 d 

~T670~ 
2 f>14 
2 360 
2 045 



3 310 
3 062 

2 822 
2 349 



16 

20-25 
250 
36 



81 



0-198 
0-249 
0-308 
0-444 



M_ 



0-802 
0-751 
0-692 
0-556 



M- 



2-423 xHr* 
2-452 X 10-« 
2-451 X 10-* 
2-367 X 10-* 



This checks maximum stress due to bending at 1/4 point, 
by Newmark Method. 



Location in span 

Moment 

/ 

MIEI 
Cone ^ 

Slope 
Deflection 







Centre deflection = 



Determine deflection 

Multiplier 



1/6 

5/9 

0-222 

2-.''.05 

-26-74 



1/3 

8/9 

0-527 

1-685 

-20-36 



2705 



r38 



8-09 



1 

1 

1 

-13-37 

S9 

8-76 



8-76x3^x64 350x100x100x1 000 
12x2 050 000x258 500 



6 435 
258 500 cm* 
6 435/2 585 E 
6 435/12 X2,''>8 500 E 
( parabolic variations ) 
■do 

264 350/1 2 X 258 .500 £ 



= 7-95 cm 
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SECTION Vlt : tAPERED BEAMS 

48. DESIGN EXAMPI.E OF TAPERED GIRDER 

48.1 The tapered beam is particularly suited to uniform loads applied 
to long spans but may be adapted to concentrated loads somewhat more 
effectively than the perforated web beam. Design Example 13 is for a 
tapered girder built up from two flange plates and two skew-cut web plates 
flame cut from each half span from a single rectangular plate. Design 
Example 14 compares the design of a three-span continuous beam for the 
same load conditions that are used in Design Example 13. The total weight 
of 3 simple spans using tapered beams is found to be about 10 percent less 
than that of the three-span continuous beam. However, no generalization 
should be drawn irom one comparison. 

It is recognized that the ordinary beam theory does not apply precisely 
to the tapered beam and the stress in the sloping flange will be slightly 
greater than calculated. However, the tapered slopes are very small, and 
the stress raising coefficient due to slope may be neglected with small error. 
For additional information and other design examples utilizing the tapered 
beam the reader should obtain the previously cited reference from the 
American Institute of Steel Construction, 101 Park Avenue, New York City. 

48.2 The illustrative design example of tapered girder is shown in the 
following three sheets {^ee Design Example 13 ). 
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Design Example 13 — Tapered Girder 

The spacing between the bents is assumed at the outset to be S m centre to centre, 
Jt is obvious that the critical stress is at (he t hird point because of the concentrated 
hoist loads. This tliiniyiates (he need of using 



the procedure of Design Example 12 to deter- 
mine the point of niaxiniuin stress. The bend- 
ing moment at the centre is nut very much 
greater under maxinnon load than at the third 
point and a beam with a veyy sniaU taper could 
very well be used. The preliminary selection of web is on the basis that the inaxinntin 
djtw at the centre shall be less than 180 thus per)nittin<^ the ividest possible spacing of 
stiffeners. 



Design Example 13 



Preliminary Design of 
Tapered Girder 



I 

of 
3 




Bents are 8 m c/c 

Loading conditions: 

Monorail hoist load (including impact) = 10 t 

Roof live load 

Roof load including purlins (3 m c/c concentrated) 

. , , 180x3x8 

Loads on roof = — i noT) — 

Allowance for dead weight of girder (at purlin reactions) 

Total dead load 



*-M\ t44tt 4.S6t l4.Mt 4J)»t 2>4)< 



= 150 kg/m^ 
= 30 kg/m= 



•_ 1 1 am 1 

! 1 I 



HN4L MOMENT , 
(TO ' 



♦ a.J* +1.43 -J.41 -I7.I* -27- 
JJ.PS 3*<<^ 4l-e7 3944 J»'I5 

1 I i ! I 

4^45 lie-32 niil Me-32 6*4S 




For minimum use of stiSeners, assume djt = 180 at 1. 
Section is critical at 1/3 point, where djt is about 150 

, _ ^r'VSj TJdjt]' _ 3 j\ 1 S"^! xTOQ xT^OOx 1 5 X 1 50 __ 
'^ " V ~" 7 ■ ~ "^ 1 500 ~ "^ ^^"^ 



7 

Note — Takitig that web depth ^ d = -lb, niiJ t^ 

t<P td' "*' 

/ of 2 flanges = -, / of web — ;^, Total / = .v 

Z = lid!-i^^.^-^ = ,..; Hence, d =^ j ^ (by 2 






id 
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Design Example 13 



Finalizing Taper of 
Girder 



2 

of 

3 



In this sheet, the required web depth at the 
end is found to be 29-3 cm. Since this is rather 
small it is arbitrarily increased to 40 cm, but 
for a 120-cin depth as assumed at the third 
point the djtw at the centre line would now be 
200. To bring this down to a ditto of 180 at 
the centre it would he necessary to have an end depth of 80 cm. This, however, is judged 
to be rather wasteful of material and a 65-cm end depth is finally chosen to make the 
thivd paint depth slightly less than initially assumed. In this design, with a sharp 
break in the moment curve at the third point, there is great flexibility in the choice of 
centre and end depths because the third point will be critical for maximum stress over 
a wide range of variation in taper. 

In a preliminary trial design, the web was made one centimetre thick with a 160-cm 
depth at the centre and a 25-cm depth at the end. It was found that this would require 
more steel than the design now being recorded. Furthermore, the small depth near 
the end would lead to excessive deflection. This will be better understood if one studies 
the deflection calculation for Design Example 12 where the greater concentrations of 
curvature are fairly near the ends. At the bottom of this sheet, the stress is checked 
at the sixth point and centre line, and it is believed that the final choice of taper and 
depth has provided a well-balanced design as stiff and as economical of steel as one 
might desire. 

120 

Web thickness f = *|^ = 0-8 cm; For F = 22-15 t @ end 

F, ^ 945 kg/cm* [see stiffened web as in Table III A in 9.3.2(b) 

of 15:800-1956] 

Try 8-mm web. d (at end) = a^lL = 29-3 cm 

Try 40x8 at end to 160x8 at <t. ^ at <t = ^ =200 

Reduce djt value by changing i to 140 at <t. dft =175 
I At end, d = 140-3 (140-120) = 80 cm 

! Reduce d at end to 65 cm to provide more taper (keeping web depth at 1 same 
140 cm). 

Select flange at 1/3 point as probable critical location; approximate formula is: 

. ^ , <^'' r> A -7 118-32x1000x100 ^„^o , 

Z ^ -J/^+-^ Required Z = ^-^rrrr = 7 888 cm« 

o I jUu 

Web segments will be cut from 65 + 140 = 205 cm, 205x0-8 cm plate 

At 1/3 point, d - 65 + 2/3 (140-65) = 115 cm 

.-. Z - 7 888 = Ar 115 + ——^^; .'. Ai: = ^4tI = 52-3 cm- (area of one 

^ 115 flange) 

Use 40x1-4 cm flange: Af = 56 cm' 

20 
Check djt of outstanding leg: t^ = 14*3 < 16 OK. 

Check stresses at 4 locations: 

End 1/6 / 1/3 I Centre 

d 65 90 

Z ( approx ) — 6 116 

/(, 1 087 

Since ;/6 = ^ = 7-5, allowable/. = 1 500 kg/cm' {see 9.2.2.2 of XS: 800-1956) 



115 


140 


8 200 


10 430 


1443 


1 205 



— _,.,..».,>....,, 
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Design Example 13 



Vertical intermediate stiffeners are put in 
starting from the centra line at the maximum 
permitted spacing of pS times the depth. The 
depth is conservatively taken as the greatest in 
each panel. Near the bottom of the sheet, the 
permissible web shear stresses by Table I V of 
this handbook worked out on the basis of Table III in IS.: 800-1956 ( based on average 
depth in each panel) are compared with the maximum shear stress in each panel. 



Intermediate 
Stiffeners 



3 

of 
3 



SYM A.BOUT <l 




Vertical stiffeners (^ 1-5 d {see 20.7.1.1 of 15:800-1956) 

1-5x140 - 210 cm 1-5 x 93-75 = 140 cm 

1-5 X 122-5 - 184 cm 1-5x82 = 123 cm 

1-5 X 107-2 = 161 cm 1-5x71-75 = 107 (or the remaining 

distance o* 82 cm) 

Check shear on basis of conservative assumption that d ~ average depth of 
web segment between stiffeners and shear stress is maximum in the particular 
segment. 

Check actual /^ with allowable F^ of Table IV {see p. 182) 

Segment .4 = /, (average) = 22;15^O00 _ 430 j^g^^^j 



djt (average) = 



65x0-8 
7V75 + 65 



= 86 



2x0-8 
Repeat procedure in other segments, and tabulate as follows: 



Segment 


fs 


dit 


Ps 




(AVERAGEi^ 


(average) 


(allowable)* 


A, B 


430 


86 


945 


C, D 


265 


99 


920 



(No need to check further panels as shear is reducing and allowable F. Min from 
Table IV is 715 kg/cra«) 

Note — Stiffener size computations, weld design and otiier details are omitted. Reference 
should be made to Design Example 2. 

•See Table 111 A of IS: 800-1956 or Table IV of this handbook. 
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SECTION VIII 
COMPOSITE BEAM CONSTRUCTION 



49. GENERAL 

49.1 In composite construction, a reinforced concrete slab is integrally 
supported by, and attached to steel I-beams. Channel or other type 
shear connectors are welded to the top flange of the steel beams to 
bring the concrete slab and the beams into integral action. If a concrete 
slab is placed on the top of a steel beam without such shear connectors, there 
will be a certain amount of bond initially but this is apt to be destroyed 
during the course of time. The shear connectors that unite the slab and 
the beam in composite construction serve a two-fold purpose (1) tying 
the slab and beams together and (2) transferring between the slab and the 
beams the horizontal shear that is developed by composite action. The 
strength of the composite slab is considerably more than the sum of the 
strengths of the two components acting separately. 

50. DESIGN EXAMPLE PRINCIPLES 

50.1 In IS : 800-1956 the , subject of composite beams is discussed 
in 20.8.2.2. Reference is made in this to IS : 456-1957 Code of Practice 
for Plain and Reinforced Concrete for General Building Construction [Revised) . 
Thus, the details of design are more a matter of reinforced conbfete 
construction than steel construction but the steel designer should be aware 
of the economic possibilities that may be obtained. 

50.2 The use of any particular type of shear connector in composite jcon- 
struction should be based on comprehensive tests in structural laboratories. 
The local distribution of stress around a connector is highly complex and 
the approach to be made is more one of ultimate strength than elastic ana- 
lysis. Tests have been made at the University of'IUinois on the channel 
type shear connector. Another type of shear connector in common use 
is a single reinforcing bar bent in the form of a spiral spring which is welded 
at contact points along the entire length of the top flange. 

50.3 A section through a composite beam and concrete is shown in Fig. 35A 
and the assumed distribution of bearing of stress in the coficrete that is the 
basis for the Illinois* recommendations of design in Fig. 35B. The use of 



♦ViEST, I. N. AND SiEss, C. T. Design of Channel Shear Connectors for Composite 
I-Beam Bridges. Public Roads ^ Vol 2«, No. 1 { April 1954 ). 
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ENLARGED SECTION XX 



35B 



Fid. 35 Composite Beam wirii Channel Shear Connections 

composite concrete slab and steel beam construction has been especially 
common for the short span highway bridge where the concrete slab serves 
as the road slab but also acts integrally to form the compression flange of 
the steel beam into a single composite tee beam unit. 
50.4 The top flange of the channel shear connector serves to hold the beam 
and slab together and most of the shear is transferred by pressure near the 
base of the channel as shown in Fig. 35IJ. The spacing of the channel 
shear connectors follows exactly the same principles used herein for spacing 
of rivets and intermittent welds in built-up steel girders. The special design 
problems that pertain to composite beams, as mentioned previously, are 
those in the realm of reinforced concrete design. 
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SECTION IX 
CONTINUOUS BEAM DESIGN 



51. INTRODUCTION 

51 .1 The use of continuity in beam construction involves similar problems 
to those encountered in the design of continuous or ' rigid ' frames as covered 
in ISI Handbook for Structural Engineers on Rigid Frame Structures 
(under preparation). When loads are primarily static, consideration 
should be given to the possible application of plastic design as treated in 
the ISI Handbook for Structural Engineers on Plastic Theory and Its 
Application in the Design of Steel Structures (under preparation). The 
economy in continuous construction is open to some question but has found 
considerable favour in multi-span highway bridges. Use of all- welded 
construction lends itself especially to the use of continuity much in the same 
way as does reinforced concrete. Continuous beam construction will usually 
be somewhat more rigid than simple beam construction and has the advan- 
tage of supplying more inherent reserve of strength should a local failure 
result. The analysis is much more complex and design skill and time much 
greater than needed for simple beam design. If the structure has to adjust 
to a considerable differential settlement of support, simple beam construc- 
tion has the advantage of being able to adjust to such settlement without 
causing stresses in the members. 

For asmore complete discussion of continuity in beam and frame design, 
reference should be made to ISI Handbook for Structural Engineers on 
Plastic Theory and Its Application in the Design of Steel Structures 
( under preparation) and attention herfe will primarily be given to Design 
Example 14 which will be for the same load and span conditions previously 
considered in Design Example 13. Thus, a comparison is afforded between 
the amount of steel required in a continuous beam design and a simple 
tapered beam design. It is found that the continuous beam requires 
10 percent more than the three simple spans. No general conclusion should 
be drawn but it is obvious that the use of continuity in design does not 
automatically assure greater economy than simple beam construction. 



52. DESIGN EXAMPLE OF CONTINUOUS BEAM 

52.1 The illustrative design of continuous beam is shown in the following 
twelve sheets {see Design Example 14). 
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Resign ^xumple U — Continuous Beam 

In the design of a continuous beam, some preliminary estimate shall be made as to 
the distribution of bending moment. The preli minary analysis serves as a basis for 
the selection of trial member sizes and locations ^^^"^^'■"■■^^■'"^■"■^^■■™— '■■•■^— — 
for change in section by addition of cover plates 
or change in flange thickness. For the preli- 
minary basis, a constant moment of inertia may 
be assumed and the tables of influence coeffi- 
cients for reactions and moments in Tables V 



Dcsifn Example 14 



Bending Moment Due 
to Uniform Load 



of 
12 



and Vi (see p. 187 and 188) are especially convenient for preliminary bending moments. 
Three span beams have been covered and procedure explained in Appendix A . In 
view of the 'on' or 'off' nature of the monorail hoist loads which form an appreciable 
part of the total load, method of plastic design is not recommended because of the 
possibility of fatigue failure. The variation in loading also requires that various 
moment diagrams be drawn and the design prepared for the over-all range of maxi- 
mum positive or negative moments as determined at any point in the span. 



Continuous Beam Design 

Alternative to Design Example 13 (Tapered Beam Frame) 

4>l«t 4>«tl 4-ttX 4*iK «B«t 4-e«t 446't 4-S&1 «t»l 

i-41t I 4.$%\ I 4.1tt I *tt\ I 4-8»t • j 4^t I 4.«*t I 4.«6t I 4.»t | K 

o\ '1 4 »i 4 4 4 4 «i 4 '4 4 '4 4 4 4 '4 '^1 »* 



T — f~- 

OtOIOt OlslOt 



1 — r 



OlolOt 
UMTS tn 



OWIOI 
C TO C 



1 — r~ 

OtolOt OUIOt 



Try constant / as basis for preliminary estimate of bending moment. 
Monorail hoist load 10 t (or none) at 1/3 points. (Because of alteration of moment 
due to hoist loads, plastic design is not recommended.) 
Roof pitch provided by variable purlin position 

Roof live load 

Roof dead load (purlins plus corrugated sheet) 



= 150kg/m* 

=> 30 kg/m» 

180 kg/m« 



As bents are at 8 m c/c (taking roof load as uniformly distributed) 

180 X 8 = 1 440 kg/m width 

Allowance for dead weight of girder at 180 kg/m = 180 kg/m 

1 620 kg/m 
Use Table VI of Appendix A 

Plot moment due to uniform load {dead load + live load) 
(Note — L in tables equals overall span here = 54 in) 
Referring to Appendix A. WL^ = 1 •62x54* = 4 723 '92. m = « = 1/3 



Moment at Distance 


Moment Mj Due to Unifokh Load 


FROM Left, 


111 


(All Spans Loaded), int 


(1) 




(2) 


*3<t 




+ 0006 7X4 723-9 - 4- 31*7 


T'2 




+ 0-008 9x4 723-9 = +42-1 


Hi-fi 




+ 0006 7x4 723-9 = + 31-7 


14-4 




-f 0-OUO 0X4 723-9 = 


180 




- 0-000 7X4 723-9 -« - 52-5 


22'J 




- O-oOO 7x4 723-9 = - 3-32 


27(J 




+ 0002 8x4 723-9 = + 13'25 



♦These distances are chosen because the coefficients given in Appendix A {see p. 184) correspond to 
these only- 
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Moments are calculated for the following hoist 
toad locations : 

}) Centre and end span : Maximum nega- 
tive moment at support. 
2) Centre span only: Maximum positive 
moment in centre span. 



D«sifn Exampl« 14 



Max Positive A Negative 
Bending Moments 



2 
of 
12 



3) Both end spans ; Maximzim positive moment in end span. 



Maximum Nef^ative Moment at Support B Due to Hoist Loads 
Load spans AB and BC : 

Obtain influence coefficients from Appendix A. Interpolate to get coefficients 
for M^ (Mg in this design) with loads at 1/3 point. 

Load Location Interpolated 

( Distance from Influence 

Left End ) Coefficients 

6 m -0-026 m-t 

12 m -0-031 m-t 

24 m -0-024 m-t 

30 m -0-018 m-t 

-0-099x10x54 == ~S4m-t 
P L 
Maximum Mj caused by hoist load plus live load plus dead load 
= -52-S-54 =- -106-5 m-t 
Maximum Positive Moment in Centre Span: 
Load centre span BC only 

Mmax (approx) for hoist load = 2 X 10 X 2/3 X *0-058 x 54 = 41-2 m-t 
.-. Maximum positive M ( Centre span ) = tl3-25-f41-2 = 54-45 m-t 
End Span Moments 

To calculate hoist load moment in end span with both end spans loaded, use 
influence coefficients for R^ and R'^ {R^) in this design in Table V in Appendix A. 

Distance from Interpolated Influence 

Left End (i?^) Coefficients 



AINU 




For/?; 




6 059 
12 0-24 


0019 
0023 




Maximum reaction = JO-872 x 


10 = 8-72 




Hoist Load 
Moment 


LL4-DL Combined 
Moment Moment 


3-6x8-72 

7-2 X 8-72 - 

10-8x8-72- 

14-4 X 8-72- 


31-4 

-1-2x10 50-8 
-4-8x10 46-2 
-8-4x10-2-4x10 17-6 


31-7 63-1 

421 92-9 

31-7 77-9 

17-6 



*S« Sheet 1. 

t Refer to Table V of Appendix A. 

tTotal F. +/f'n which gives R. in this design for hoist loads in both the end span*. It has been 

possible to calculate R. like this because of symmetry in load positions. 
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Design Example 14 



Preliminary Design of 
Continuous Beam 
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The moments computed for the beam of 
uniform cross-section ar^ plotted for various 
load conditions on this sheet and the maximum 
required section moduli are determined on the 
assumption that it may be possible to use a 
rolled beam. 1 his is not necessarily the most 
economical or lowest weight choice as a btiilt-up plate girder with a greater depth-to- 
span ratio and less web material would require less weight of steel. However, it was 
desired to present a design example in which a rolled beam with welded cover plates 
was used in coHtinuoics construction. On the basis of the m(fximum positive moment 
in the centre span (where a section modulus of 3 460 cm^ is indicated) a rolled beam 
with a section modulus of 3 540 cm'^ is chosen. When the continuous beam is stiffened 
itp at the supports and in the end spans there will be a redistribution of moment and 
the positive moments in the centres of all spans will in general decrease slightly while 
the negative moments over the supports will tend, to increase. Thus, the analysis on 
the basis of constant moment of inertia will over-estimate the section modulus require- 
ments for positive moment tn the centre span. This should be anticipated in the 
preliminary design. 



Preliminary Estimate Range of Bending Moment 



>-SM DUE TO HOIST LOAD 
1 ON END SPAN ONLY 
\ WITH OL ANP LU 




BM DUE TO HOIST LOAD 
;0N CENTnE SPAN ONLV 
tITH DL AND LL 



DM DUE TO HOIST UOAD 
ON TWO ADJACENT 
SfANS 



Maximum Required Z 

(Lateral support of purlin connections is assumed.) 

, , . , 93x100x100 

End span, (positive) : 



Interior support (negative) : 
Centre span (positive) : 



1575 
106-5x100x1 OOP 

1 575 
54-45x100x1000 

1 575 



= 5 905 cm" 
= 6 760cm3 
= 3 460 cm' 



If a rolled beam with flange plate reinforcement is used as a basic section, actual 
moment at centre span will be less than the estimated value. 

An ISWB 600, 133-7 kg (Z = 3 540 cm') is chosen as a basic section. 



Approximate Z of 2 plates: 



= Aph 



A phi 
2 



:r 



z = 



21 
h 



3- 



7 

K 

i 
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Design Example 14 



Preliminary Selection of 
Flange Plates 
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The additional section modulus requirement 
for the end span and at the interior support is 
determined and flange plates are shown at the 
bottom of this sheet where a check is also made 
by the moment of inertia method. The flange 
plates provide an excess section modulus at the 
interior support for negative moment and somewhat less than the preliminary estimate 
for positive moment in the end span. The cover plates are extended 0'5 tn beyond 
their theoretical cut off points at which they will he assumed as fully active in the 
more accurate analysis to follow. In view of the possibility of fatigue failure under 
intermittent load, it is wise to be very conservative as to allowable stresses at cut off 
-Points of cover plates in welded plate girders. At these locations, concentrated stress is 
developed and it is here that fatigue cracks will occur if they develop anywhere. Also 
shown on this sheet are the field splice locations on the basis that a M-m length re- 
presents the maximum desirable length for convenient in transport. In erection the 
9-m .segments over the interior columns could be placed first with temporary shoring 
underneath to provide stability. Then the interior avd exterior 12-ni segments may 
be introduced and field welds made at locations shown. 



Flange Plates Trial Selection 

At end span: Z to be added - *5 800-3 540 - 2 260, Jj = 600 mm 

Ap = -— - = 37-7 cm* Try 200 X 20 mm plate. A = 40 cm« 

oU 

At support: 

6 760-3 540 3 220 „ _ , , , ,, ... 

Ap = — = -rrr- = 53-7 cm* (excess probably required). 

Try 300x20 mm plate. A = dQ cm^ (excess probably required). 

TRIAL LOCATION OF FLANGE PLATES 

-ritLD «K.)Ct LOCATK 

♦•o«- 




=T= 



Plates = 22i60x (62). 
4 

221 518 

32 



Z = 



= 106 198-5 cm* 

^ 115 320 cm* 
221 518-5 cm* 

= 6 922 cm" 



182 998-5 cm* 
= 5 770 cm" 



• — -^»o-OciB mA 

^a a».Ocm U 

r l U' 



•Slightly less than the estimated figure of 5 905 cm" is taken. 
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Dtttign Example 14 



Method of Determining 
Redundant Reactions 
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Most designers would probably prefer to vse 
the generalized moment distribution procedure 
in making the final analysis of the structure 
with variable moment of inertia. However, 
this would require the availability of tables of 
distribution and carry-over factors. In this handbook, the general procedure of 
determining redundant reactions will be used for illustration. The principle is 
extremely simple and may be stated simply as follows : 

Reactions at B and C (see sketch on Sheet 6 ) in a three-span beam are re- 
moved and the deflection at B is then thought of as the sum of the effects of the 
downward load and the two redundants. This is equated to zero. Under sym- 
metrical load conditions, the reactions at B and C will be identical and a direct 
solution for redundant reaction R^ follows. For unsymmetrical load conditions, 
two simultaneous equations are obtained with the unknown i?(, and Re. The 
Newmark numerical method is used in the deflection calculations. In Sheet 6, 
the redundant reactions are shown removed. The deflections as calculated at 
B and C are for unit loads at those two points respectively. Thus, S CB represent^ 
the deflection at C due to a unit load at B. By the law of reciprocal deflections, 
this is equal to S BC. In these exan^ples of the Newmark method, the original 
procedure suggested by him has been used in that the conjugate beam idea suggested 
in Section IV is not used. Instead, trial slopes are worked out consistent with 
the various concentrated angle changes along the beam. Then, in general, trial 
deflection is determined that will not come out to zero at the end of the span. In 
Sheet 6, for example, the trial deflection is —I- 18 at point D, The trial deflected 
beam position is rotated into correct position and a linear correction is introduced 
at points B, C and D. If the deflections were needed at intermediate points, they 
could likewise be determined but we are interested here in the deflection only at 
support points B and C. 



All the calculations described in the commentary above are worked out with 
diagrams in Sheets 6, 7, 8 and 9. 
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Design Example 14 



Method of Determining 
Redundant Reactions 
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TO CHECK MOMENTS, REACTIONS AND SHEARS, USE METHODS OF 
DEFLECTIONS, UTILIZING NEWM ARK'S NUMERICAL PROCEDURE FOR 

CALCULATIONS 



p06 

i 









-J ^k r 



— 

'moments or WtRTIA I 



S4*Olii~ 



REMOVE ACACTIONS AT ■ AND C, APPLY it AT • 



I& 



!■ 



m/ei 

CONC ^ 

t 

TRIAL SLOPE 

TRIAL DirLeCTION 
CORRECTtON REOUIRED 
CORRECT DEFLECTION 



•iU*i-°i-I|I|-n^-UM| 

1 1 j t i 1 1 1 n 7 1 T 1 1 ! i " 

' • ' T T T 7 1 I 7 T I ' < ' * I 

«M = 0*''"'''«**''«*'*'OO 



9 

+ 

-o.« 



+ 

-0«T» 



IO«l*» K 

axs 



• xioeiwe 

a)t3XIOX9 



3 ^ 

tYMMETRtCAL CASE ty SUPERPOSITIONS 



I 

o 



J" 



3^ 



PEfLECTlON 



Aj B C JD 

• ICIOMM E 

♦These values are based on average -^ in adjacent segments. 

tXhese values are worked out on the assumption that -=r. varies linearly in each segment [sec case 



(R) p. 861. 



£/' 



J Assuming maximum deflection at the centre, the figures for trial slope are worked out at different 
points along the beam. Corrections are made in the further steps and the correct deflections at the 
support points are determined. 
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Hethod of Determining 
Redundant Reactions 
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•These values are based on average ~ in adjacent &egments. 

tXhese values are worked out on the assumption that ^ varies linearly in each sefment. 
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Determining 
Redundant Reactions 
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For dead load and live load, both redundants 
are considered as simultaneously applied and 
the redundant reactions at B and C are found 
directly by equating the deflection due to these 
reactions to that due to dead load and live load. 
Then the reactions at A and D are found by 
over-all static equilibrium. 

When the hoist load is on one end span, two simultaneous equations are obtained 
which sum the deflections due to various effects ( applied loads, Rb and Re ) and 
equdte the sum to zero. The term representing the downward deflection is put on the 
right side. After solution of the simultaneous equations, Ra and Rd are found by 
static equilibrium as before. 

After the redundant reactions are determined, the shears and bending moments 
may be calculated by statics. 



Calculate reactions 



i Uifx 1QR F ^^*^*°^5 °"* °^ ^^^ equations 1 



^106 198 E 
Upward reactions are considered negative. 
Dead load + Live load ( symmetrical about <t ) 



By equating the deflection at B: 
nS-02 Rb 



10 



= -2-43 X 15 X 10-44; Rb = Re = 

R^ = R^ = -2-43 X 18 + 32-27 



-2-43x15x10-44x10 



Hoist load on end span only 
62-35 ^ , 55-57 ^ 

i?B + -YQ- Re = - 



11802 
= -11-47 1 



= -32-27 1 



14 261x9 
18 



~:j^^ ^..x, -r ttj- -^o — Q — (by equating deflections at B) 

lU 10 1 o 

55-67 „ ,62-35 „ 119-09x1 ,^ ^- ^ a ^- ,. ^\ 

--— Rb + — ^ Re = 2 (^y equating deflections at C) 

6-235 i?B + 5-567 i?C - -71-305; 5-567 iiB + 6-23 5 iic = -59-545 
Solving i?B = -13-63 t,i?c = +2-5 t 



R^ - -Qx20~|x 13-63 + 1 2-5)= -8-42 t (by taking moments about D) 
R^ = -(22-5-8-42-13-63) = -0-45 t 






lot lOt 

J L. 



l3-63t 



"F" 

2-51 



©•■ 



5| 
'45t 



-u-4it' 



-n-58t 

SHEAR DIAGRAM 




-2e-44ffl.t 

MOMENT DIAGRAM 
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The final 


load condition 


analysis is made at 


Design Example 


14 


1 1 


the top of ike sheet and at the bottom, the thre 
basic load conditions for maximum shears am 
moments in various locations are summarizei 
and the moments for the load combinations ar 
tabulated. 


e 
i 
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Bending Moment for 
Various Load Combinations 










Hoist Load 


on Centre Sp 


an Only ( Symmetrical about <t. ) 






118-02 


Rb = -91-88 xl-S: 


toil C 




10 
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7 


1 






11-802 
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» > 2 ) 4 5 6 7 8 l» 


Hence Ra 


= 11-66-10 


= -M-66 t 


LOCATION sVM ABOUT t 




BENDING MOMENTS FOR VARIOUS LOAD COMBINATIONS 




Lqca.- 
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TION 
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(4) (5) (6) 


(7) (8) (9) (10) 


(11) 


(12) 




















+ fl-04 


+8-42 -0-45 


-1-66 






1 


+ 2712 


+ 25-26 


+0 -4-98 +52-38 








+4-18 


+8-42 -0-45 


-1-66 






2 


-f 39-66 


+50-52 


+1-71 -9-96 +91-89 








-0-68 


-1-58 -0-45 


-1-66 






3 


+ 37-62 


+45-78 


+3-06 -14-94 +86-46 








-5-54 


-1-53 -0-45 


-1-66 






4 


+ 21-00 


+ 41-04 


+ 4-41 -19-92 +66-45 








- 10-40 


-11-58 -0-45 


-1-66 






6 


-10-20 


+ 6-30 


+5-76 -24-90 +1-86 


-35-10 - 


-28-80 




-15-26 


-11-58 -0-45 


-1-66 






6 


-55-98 


- 28-44 


+ 711 -29-88 -77-31 


-85-86- 


-114-30 


1 


+ 1215 


+ 2-05 +2-05 


+ 1000 






i ^ 


-19-53 


-22-29 


+8-46 +0-12 -33-36 


- 19-41 - 


-41-70 


1 


+ 7-29 


+ 2 05 +2-05 


+10-00 






1 3 


+ 4-34 


-16-14 


+2-31 +3012 -9-49 


+ 34-46 +18-32 | 


i 


+ 2-43 


+ 205 +205 


+ 






1 ^ 


+ 11-63 


-9-99 
+205 u-2-05 


-3-84 +3012 -2-20 


41-75 


31-76 


] 10 




— 3-84 
+ 205 +2-05 


-9-99 






11 




+ 2-31 
+ 205 +2-05 


-16-14 






12 




+ 8-46 


-22-20 






.3 




-0-45 -11-58 










+ 7-11 


-28-44 










-0-45 -11-58 








14 




+ 576 
-0-45 -1-58 


+ 6-30 






1& 




+ 4-41 
-0-45 -"1-58 


+ 41-04 






16 




+ 306 
-0-45 +8-42 


+ 45-78 






17 




+ 1-71 
-0-45 +8-42 


+50-52 






18 




+0 


+ 25-26 
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SECTION IX : CONTIKUOUS BBAH DBStGlf 



Design Example 14 



Final -Check of Prelimi- 
nary Design of Beam 



12 
of 
12 



The moments tabulated on Sheet 11 are 
plotted on this Sheet along with the moment 
capacity for the cover plates originally selected. 
It is noted that the capacity over the interior 
support falls a little short but this should be 
acceptable since the actual moment due to the 
distribution of load at the support point will be considerably less than indicated. 

The positive moment in the end span is more important and the flange plates are 
increased 25 mm in width and 0'5 m in length which provides adequate moment 
capacity. 




Negative overstress at B not serious because of rounding off moments over 
support. 

91*9x 100 X 1 000 

Now required Z for positive moment at end spans = i ci i 

= 5 835 cm' 

Change-over plates to 210 X 20 tnm and extend 0*5 m more towards the centre 
span. 



42cm« 



I of ISWB 600 = 106 198-5 cm* 



, ^ ,, 2x42x(62)* ^^^^^ ., 186 922-5 ^ ^^, , 
I oi plates = ^^ — ~ = 80 724 cm* Z = :^ = 5 841 cm* 



4 



Total/ = 186 922-5 cm* 



32 



No new analysis needed; change of / in end spans has little effect on distribution 
of moment. 

Shear capacity of beam is more than ample. For other details of design, see 
Design Example 1. 
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TABLES 

TABLE I SELECTION OF BEAMS AND CHANNELS USED AS 
FLEXURAL MEMBERS BASED ON SECTION MODULI 

( Clause 4.1 ) 



Modulus of 
Section 


Designation 


Weight per 
Metre 

iW) 


Shear Carrying 
Capacity 


(1) 


(2) 


(3) 


(4) 


cm" 




kg 


kg X 10'' 


3 854-2 
3 540-0 
3 060-4 


*ISWB 600 
*ISWB 600 
*ISMB 600 


1451 
133-7 
122-6 


66-9 
63-5 
68-0 


2 723-9 
2 428-9 
2 359-8 


*ISWB 550 

*ISLB 600 

ISMB 550 


112-5 

995 

103-7 


54-6 
59-5 
58-2 


2 091-6 
1 933-2 
1 808-7 


*ISWB 500 

*1SLB 550 

ISMB 500 


95-2 
86-3 
86-9 


46-8 
51-5 
48-2 


1 5581 
1 543-2 
1 350-7 


*ISWB 450 
*ISLB 500 
♦ISMB 450 


79-4 
75-0 
72-4 


391 
43-5 
40-0 


1 223-8 
1 171-3 
1 022-9 


*ISLB 450 

ISWB 400 

*ISMB 400 


65-3 
66-7 
61-6 


36-8 
32-5 
33-6 


965-3 
8870 
778-9 


*ISLB 400 

ISWB 350 

*ISMB 350 


56-9 
56-9 
52-4 


30-2 
26-5 
26-8 


.7541 
75i-9 
699-5 


*^ISMG 400 

ISLB 350 

*ISLC 400 


49-4 
49-5 
45-7 


32-5 
24-5 
30-2 


654-8 
607-7 
573-6 


ISWB 300 

*ISLB 325 

ISMB 300 


481 
431 
44-2 


21-0 
21-5 
21-3 


571-9 
532-1 
488-9 


*ISMC 350 
*ISLC 350 
*ISLB 300 


42-1 
38-8 
37-7 


26-8 
24-5 
190 


j 475-4 
j 424-2 
1 410-5 

1 


1 ISWB 250 

j *ISMG 300 

ISMB 250 


40-9 
35-8 
37-3 


15-8 
21-5 
16-3 



[Conid] 
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TABLE I SELECTION OF BEAMS AND CHANNELS USED AS 
FLEXURAL MEMBERS BASED ON SECTION MODULI — Contd 



Modulus of 
Section 


Designation 


Weight per 

Metre 

iW) 


Shear Carrying 

Capacity 

(5) 


(1) 


(2) 


(3) 


(4) 


cm^ 




kg 


kgxl0» 


403-2 
392-4 
348-5 


•ISLC 300 

*ISLB 275 

ISWB 225 


33-1 
33-0 
33-9 


190 
16-6 
13-6 


305-9 
305-3 
297-4 


*ISMB 225 
*ISMC 250 
*ISLB 250 


31-2 
30-4 
27-9 


13-8 
16-8 
14-4 


2950 
262-5 


ISLC 250 
ISWB 200 


28-0 
28-8 


14-4 

lis 


239-5 
226-5 
226-5 


•ISMC Z25 

*ISLC 225 

ISMB 200 


25-9 
24-0 
25-4 


13-6 
12-3 
10-8 


222-4 
181-9 
172-6 
172-5 
169-7 


*ISLB 225 

*ISMC 200 

*ISLC 200 

1 ISWB 175 

1 *ISLB 200 


23-5 
221 
20-6 
221 
19-8 


12-3 
11-5 
10-4 
9-6 
10-2 


1 145-4 


*ISMB 175 


19-3 


9-1 


139-8 
131-3 
125-3 


♦ISMC 175 

*ISLC 175 

1 *ISLB 175 


19-1 
17-6 
16-7 


9-4 
8-4 
8-4 


116-3 
1161 
111-9 


*1SJB 225 
ISJG 200 
ISWB 150 


12-8 
13-9 
170 


7-9 
7-7 
7-7 


103-9 
969 
930 


♦ISMC 150 

ISLC 150 

i ISLC 150 


16-4 
14-9 
14-4 


7-7 
6-8 
6-8 


91 8 

82-3 

' 781 

i 
] 


ISLB 150 
♦ISJC 175 
♦ISJB 20O 

1 

1 


14-2 

11-2 

9-9 


6-8 
6-0 
6-4 



{Contd) 
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TAB LSS 

TABLE I SELECTION OF BEAMS AND CHANNELS USED AS 
FLEXURAL MEMBERS BASED ON SECTION MODULI —'Contd 



Modulus of 
Section 


Designation 


Weight per 
Metre 


! 
Shear Carrying I 
Capacity 
(S) 


(1) 


(2) 


(3) 


(4) 


cm* 




kg 


kgxlO» 


71-8 
66-6 
651 


ISMB 125 
ISMC 125 
ISLB 125 


13-0 
12-7 
11-9 


S-2 
5-9 
5-2 


62-8 
571 
54-8 


ISJC 150 

ISLC 125 

*ISJB 175 


9-9 

10-7 

81 


51 
5-2 
S-3 


51-5 
43-2 
42-9 


ISMB 100 
♦ISJC 125 
*ISJB 150 


U-5 
7-9 
71 


3-8 
35 
4-3 


37-3 
33-6 
32-9 


ISMC 100 
ISLB 100 
ISLC 100 


9-2 
8-0 
7-9 


4-4 
3-8 
3-8 


248 
20-3 
19-4 


*ISJC 100 
ISMC 75 
ISLB 75 


5-8 
6-8 
6-1 


2-8 
31 
2-6 


17-6 


*ISLG 75 


5-7 


2-6 



Noxh, — Fur using this table, proceed as follows: 

a) Locate the required modulus of section {Zxx ) in col 1. Where the ex- 
act Zxx is nut available, select the immediate next higher value of Zxx. 

b) The section opposite this value in col 2 and all sections above it satisfy 
the requirements with regard to Zxx- 

c) if the section opposite this value bears an asterisk, it is the highest 
beam in the series to serve the requirement. Otherwise, proceed 
higher up and choose the first section bearing the asterisk(*). 

d) If conditions require that the section shall not exceed a certain depth, 
proceed up the column until the required depth is reached. Check up 
to see that no lighter beam of the same depth appears higher up. 

cj Check up the selected section for web capacity in shear. In cases of 
eccentric loading ut any other special conditions of loading, exercise 

. necessary check. 

f) It is assumed in this tabic that compression flanges of the section 
have adequate lateral support. 
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TABLE n 



PERMISSIBLE BENDING STRESS IN COMPRESSION ON 

UNIFORM CROSS- SECTION 



















(Metric Units, 




















( Clause 


lib 


= 10 


dltf 
= 15 


For 
Every 
Value 
OF djtf 

In- 
creas- 
ed BY 
1, Sub- 
tract 


djtf 
-=20 


For 
Every 
Value 
OF dltf 

In- 
creas- 
ed BY 
1, SUB- 
TRACr 


dltf 
= 25 


For 
Every 
Value 

OF dltf 

In- 
creas- 
ed BY 
1, Sub- 
tract 


dltf 
= 30 


For 
Every 

Value 

OF djtf 

In- 
creas- 
ed BY 
1, Sub- 
tract 


20 
21 

22 


1 575 
1 575 
I 575 


1 575 
1 575 
1 575 


— 


1 575 
1 575 
1 575 


— 


1575 
1 575 
1 575 


— 


1 575 
1575 
1 575 


— 


23 
24 
25 


1 575 
1 575 
1 575 


1 575 
1 575 
1 575 


E 


1 575 
1 575 
1 575 


— 


1 575 
1 575 

1 575 


0-4 
13-4 


1 575 
1 573 
1 508 


20-7 
21-7 


26 
27 
28 


1 575 
1 575 
1 575 


1 575 
1 575 
1 575 


— 


1 575 
1 575 
1 575 


7-6 
22-6 


1 575 
1 537 
1 462 


25-2 
31-9 
31-7 


1449 
1 378 
1 303 


22-S 
21-4 
201 


29 
30 
31 


1 575 
1 575 
1 575 


1 575 
1 575 
1 575 


9-6 
30-2 


1 575 
1 527 
1424 


38-6 
46-2 
43-8 


1 382 
1 296 
1 206 


297 
31-9 
27-9 


1 233 
1151 
1066 


20-4 
190 
17-5 


32 
33 

34 


1 575 
1 575 
1 575 


1 57^ 

1 575 

1 575 


31-6 
39-4 
48 


1417 
1 378 
1 335 


44-2 
43-5 
42-7 


1 196 
1 160 
1 121 


27-4 
27-4 
27-4 


1059 

1022 

984 


19-7 
18-9 
180 


35 
36 

37 


1 575 
1 575 

1 575 


1 575 
1 575 
1 547 


57-4 
67-4 
69-2 


1 288 
1 238 
1 201 


41-6 
40-5 
39-6 


1 080 
1 036 
1 003 


26 
25-7 
25-6 


950 
907 
875 


18-2 
17-3 
16-5 


38 
39 
40 


1 575 
1 575 
1 575 


1 495 
1466 
1 4U) 


66-6 
660 
64-0 


1 161 
1 136 
1 090 


38-7 
38-1 
36-9 


968 
945 
906 


24-4 
24-4 
23-9 


846 
^23 
786 


16-8 
17-0 
161 


41 

42 
43 


1 575 

1 575 
1 575 


1 370 

1 355 
1 313 


620 
61-8 
60-3 


1 060 
1046 
1011 


36-2 
35-9 
350 


879 
866 
836 


22-9 
231 
22-7 


764 
751 
723 


16-3 
15-8 
151 


44 

45 
46 


1 575 

1 575 
1 575 


1 289 
1 242 
1 217 


590 
57-3 
565 


994 
955 
934 


34-6 
33-4 
32-9 


821 
788 
770 


220 
21-6 
21-4 


711 
680 
663 


15-4 
145 
14-7 


47 
48 
49 


1 575 
1 575 
1 575 


1 187 
1 158 
1 154 


54-9 
53-9 
54-1 


912 
888 
884 


32-2 
31-6 
31-5 


751 
730 
726 


20-6 
20-4 
20-6 


648 
628 
623 


14-8 
14-2 
13-9 


50 


1 575 


1 118 


52-2 

1 


857 


30-7 


704 


19-7 


605 


13-9 



NoTii 1 — ihe ix-riiiissiblc btrcbs for Ijb -^ 4<), djir — 27 may bo read as 769-9 — i X'^il-l -^ 7:i7-l 
The pcnniisiblo stress for //ii - 4(j, djt. --= 28 may be road as 7Gy'y-~a x21'4 -= 7Uj'7 
The permissible stress for lib = 46, djlf ~ a« irjay be read as 76y-S) — 4xil-4 — 084-a 
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t AB LES 



THE EXTREME FIBRES OF BEAMS WITH EQUAL FLANGES AND 
( STEEL CONFORMING TO IS : 226-1958 ) 

kg/cm' ) 

6.3) 



djif 
= 35 


For 
Every 

Value 

of d\tf 

In- ^ 

CREAS- 
ED BY 

1, Sub- 


djtf 
= 40 


For 
Every 
Value 

OF djtf 

In- ' 

CREAS- 
ED BY 

1, Sub- 


djtf 
=45 


For 
Every 
Value 

OF djtf 

In- ^ 

CREAS- 
ED BY 

1, Sub- 


djtf 
= 50 


For 
Every 
Value 

OF djtf 

In- ^ 

CREAS- 
ED BY 

10, Sub- 


djtf 
= 100 


Ijb 




tract 




tract 


I 575 
1 575 
1575 


tract 




tract 






1575 
1575 
1575 


— 


1 575 
1 575 
1 575 




1-2 


1 575 
1 575 
1 569 


24 
28-4 


1575 
1 558 
1427 


20 
21 
22 


1575 
1469 
i 399 


7-8 
15-6 
15 


1 536 
1_391 
1 324 


121 

11-2 

9-2 


1475 
1 335 
1 278 


7-9 
7-3 
86 


1435 
1 298 
1 235 


27-9 
270 
27-4 


I 295 
1 163 
1 098 


23 
24 
25 


1336 
1271 
1 203 


144 
13-8 
145 


1 264 
1 202 
1 130 


10-3 
11 3 
10-7 


1212 
1145 
1076 


8-2 
7-9 
7-5 


1 171 
1106 
1039 


27-6 
275 
27-3 


1033 
968 
902 


26 
27 
28 


1 131 

1056 

978 


149 
13-9 
12-9 


1056 
986 
914 


101 
9-5 
9-9 


1006 
939 
864 


70 
1-1 
7-2 


970 
900 
828 


26-8 
260 

250 


836 
769 
702 


29 
30 
31 


961 

928 
894 


12-6 
13-3 
12-7 


897 
862 
830 


9-7 
9-3 
90 


848 
815 
785 


71 
6-8 

7-6 


813 
780 

747 


25-6 

25-7 
25-5 


684 

652 
619 


32 
33 
34 


858 
821 
792 


12-2 
12-5 
130 


797 
758 
727 


9-6 
91 

8-7 


749 
712 
684 


7-2 
6-9 
6-6 


713 
678 
650 


25-3 
24-9 

24-8 


586 

553 
527 


35 
36 
37 


762 
738 
706 


12-4 
111 
11-3 


700 
682 
649 


9-2 
8-9 
8-5 


654 
638 
606 


6-3 
6-9 
6-6 


623 
603 
574 


24-5 
24-4 
23-9 


500 
481 

454 


38 
39 
40 


683 
672 
647 


11-6 
11-3 
10-9 


625 
615 
593 


81 
8-7 
8-3 


584 
572 
552 


6-3 

6-2 
6-6 


J53 
540 
518 


23-7 
23-8 
23-4 


434 
422 
402 


41 
42 
43 


634 
608 
589 


11-2 
11-3 
10-3 


578 
SS\ 
538 


81 
7-6 
8-0 


538 
513 
49b 


63 
61 

5-9 


506 
482 
468 


23-5 
22-9 
22-7 


389 
36S 
355 


44 
45 
46 


574 
55? 
553 


9-9 
101 
105 


524 
507 
501 


8-3 
7-5 
7-3 


482 
469 
464 


5-7 
6-0 
60 


454 
439 
434 


22-5 
222 
22-3 


342 
328 
322 


47 
4S 
49 


535 


101 


485 


7-6 


447 


5-7 


419 


220 


309 


SO 



Note 2 — It may be observed that there is a little difference between the values given in this tabic 
and those given in Table IIA of IS: 800-1956. The values given in this table have been obtained directly 
from the formula given ia E-l.l of Appendix E in IS: 800-1956 and may be taken as more accurate. 
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TABLE III VALUES 

( See Clause 
( Clause 



''y 


■--■--30 


I For 

; KVKKY 

; Vm,,t;e 

; OF djt 

( , ' *■ 

1 iNCKtAS- 
1 ED BV ■', 

\ Subtract 




- - _- , 




1 . 


_. , 



1 For 
I Every 

V\LT]K 
■OF dlt^ 

■cil BY L 

, Subtract 



= 20 



For 
Every 

Value 

OK ilt^ 

Increas- 
ed BY 1, 
Subtract 



t 



dlt^ 


For 


djt^ 


For 


-. O J 


Every 


-.-. 30 


Every 




Value 


Value 




OF djt^ 




OF djt^ 
Increas- 




Increas- 






ed BY 1, 




ed by 1, 




Subtract 




Subtract 



;-i6 



10!. 
103 
103 



104 

105 
106 



107 

loa 

109 



2 362 



> ^32 

;272 



2 242 

2 212 
2 182 



2 152 
2 122 
2 092 



— 


~ 




2 .S65 
2 81H 
2 7fi0 


20-20 
20-20 
20-20 




— 


— 


2 708 
2 656 
2 604 


20-20 
20-20 
20-20 


i: 


— 


— 


2 551 
2 499 
2 447 


20-20 
20-20 
20-20 




a 498 
2 459 


31-20 
31-10 


2 394 
2 342 
2 304 


20-20 
20-20 
2010 




2 420 
2 382 
2 343 


3100 
30-90 
30-80 


2 265 

2 227 
2 189 


2000 
19-90 
19-80 


z 


2 304 
2 265 
2 226 


30-70 
30-60 
30-50 


2 150 
2112 

2 074 


19-70 
19-60 
19-50 


50-40 


2 188 
2 149 

2 no 


30-40 
30-30 
30-20 


2 036 
1997 
1 059 


19-40 
19-30 
19-20 


50-10 

49-80 
49-50 


2 082 
2 053 
2 024 


30-04 

29-88 
29-72 


1931 
1 904 

1876 


1914 
1.9-08 
19-02 


49-20 
48-90 
48-60 


1 096 
1 968 
1939 


29-58 
29-40 
29-24 


1S48 
1820 
1 793 


18-96 
18-90 
18-84 


48-30 
4S-00 
47-70 


1910 
1882 
1854 


29-08 
28-92 

28-76 


1765 
1737 
1 710 


18-78 
18-72 
18-66 



NOTF. — The maximDm p*rniissible stress of steel to 15:226-1958 should not exMed 1 500 kg/cm*. 
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OF 'A' AND ♦»' 

E-2.1.3 of 15:800-1956) 

6.3) 



Tables 



dlt, 

^ 35 



1 
2 7rt4 
2 712 i 

2 659 1 

1 


1 
2 607 

2 ^^;:> 

2 ri02 


2 450 
2 31W 
2 34> 


2 203 

2 241 
2 2.(H 



2 iftr. 

2 12rt 

2 LHK) 



2 052 
2014 
1 t)7« 



I 930 
1 !KH 

1 R63 



1 8 an 

1-808 
I 781 



1 7r>3 

I 72« 
1 0»i> 



1 671 
1 644 
1 Olfi 



For 
Every 
Value 

OF -dit. 


= 40 


For i 
Every \ 
Value ] 
OFdlt^ ; 


= 45 


For 

Every 
Value 

of d!t^ 


dlt^ 
» 50 


For 

EVBRY 

Value 
OF dlt^ 


=3 100 


am 00 


llfy 


Increas- 
ed BY 1, 
Subtract 


i 


Increas- 1 
I a BY 1, 1 

Subtract I 


A 


INCREAS- 
ED BY 1, 

Subtract 




Increas- 
ed BY io. 
Subtract 




R 




13-SO ! 

13-78 : 

i3-7« ; 


2 m^i \ 

2 «43 i 


0-«0 

11-52 ! 
9-44 


'i (HI 
2 543 


6-20 i 

S-26 1 
6-32 1 


2 616 

2 r3a4 

2 512 


23-40 
23-32 
23-24 


2 499 
2 447 
S396 


2 462 
2 410 
2 369 


80 
81 
82 


13-74 i 

13-72 1 
13-70 


2 r,;w i 
2 4S6 ■ 
-1 434 


«-36 ' 

9-28 : 


2 492 
z -^40 

■I 388 


6-38 i 

8-44 1 
ft- 50 \ 


2 460 
2 408 
2S56 


23-16 
23-08 
23-00 


2 344 

2 292 
2 240 


2 307 
2 255 
2 204 


83 

84 

85 


13-68 

13-«« 
13-64 


2 S82 
- 277 


»-i2 ; 

9-04 

rt-»6 


^336 
2 284 
2 233 


0-56 \ 
6-62 i 

iJ-68 1 


2 303 

2 251 

i;i09 


22-92 
22-84 
22-76 


2 189 
2 137 
2 085 


2 152 
2 100 
2 048 


86 

87 
88 


I3-fl2 
13-60 
13-44 


2 22i> 
2 173 

2 im 


8-88 ■ 
8-80 

8-86 1 


£ 381 
i J.29 

1 m2 


«-74 
fl-80 i 
8-76 


2 147 
2iJ95 

2 058 


22-68 
22 60 
22-54 


2 034 
1 982 
1945 


1 997 
1 945 
1 908 


89 
90 
91 


13-28 
13-^12 
}2-9e 


K 099 
2 062 
2 025 


8-92 ' 
.^!-tt8 
904 1 


± 054 
2 017 

1. 9M) 


«-72 
S-68 


2 021 

i 984 
1 947 


22-48 
22-42 
22-36 


1908 
1872 
1835 


1871 
1334 
1 797 


92 
93 

94 


12-80 
i2-64 

12-48 


1988 
1 951 
i 914 


9-10 
916 

l>-22 


1942 
! 905 

1 868 


6-60 
6-56 
6-52 


1 910 
1 872 
1835 


22-30 
22-24 
22-18 


1798 
1 761 
1724 


1760 
1723 
1 686 


95 
96 
97 


12-32 
1216 


1 877 
1 840 

i H03 


9-28 
9-34 
9-40 


I 83! 
1 793 
1 7*)6 


i 6-48 

6-44 

i 6-40 


1798 
1761 
1744 


2212 
2206 
22-00 


1688 
1651 
1614 


1649 
1612 
1575 


98 

99 

100 


( 2-02 
12-04 
12-06 


'. 776 
I 748 
1720 


0-38 
9-36 
9-34 


1 729 
1701 
1 674 


1 8-42 

! ft-44 

6-46 


1896 
1669 
1 642 


2200 
22-00 
22-00 


1 586 
1 559 
1532 


1648 
1520 
1493 


101 
102 
103 


12-08 
12-10 
12-12 


1 603 
1 666 
1 638 


U-32 
9-30 
9-28 


1646 
1 619 
1 592 


6-48 

6-50 

1 6-52 


1614 
1586 
1559 


22-00 
2200 
22-00 


1 504 
1476 
1449 


1465 
1438 
14U 


104 
105 
106 


12-U 
12-16 
12-18 


1 610 
1583 
1 556 


9-26 
d.24 
9-22 


1564 
1 537 
1 509 


6-54 
6-56 

6-58 


1532 
1504 
1476 


22-00 
22-00 
22-00 


1422 
1894 
1300 


1363 
1 356 
1328 


107 
108 
100 



{Contd) 
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TABLE III VALUES 

( See Clause 
( Clause 



IK 



= 10 



FOK 

Every 

Value 
OF dlt^ 

Increas- 
ed BY I, 
Subtract 



= 15 



For 
Every 

Value 

OF dlt^ 

Increas- 
ed BY 1, 
Subtract 



= 20 



For 
Every 
Value 
OF dlt^ 

Increas- 
ed BY 1, 
Subtract 



= 25 



For 
Every 
Value 

OF dlt^ 

Increas* 

ED BY 1, 

Subtract 



=. 30 



For 
Every 
Value 
OF dlt^ 

Increas- 
ed BY 1, 
Subtract 



110 
111 
112 



118 
114 

115 



11« 
117 
118 



119 
120 
121 



122 
123 
124 



12& 
126 
187 



128 
129 
ISO 



131 
182 
133 



134 
136 
136 



137 

138 
139 



8131 
S104 



8 078 
S051 
3025 



2998 
2 971 
2 945 



2 918 
2 892 
2 885 



2 843 
2 820 
2 798 



2 775 
2 753 
2 731 



2 708 
2 686 
2 663 



178-00 
17ft-86 



175-72 
174-58 
173-44 



172S0 
171-16 
170-02 



168-88 
167-74 
166-60 



165-60 
164-60 
163-60 



162-60 
161-6^ 
160-60 



159-60 
158-60 
157-60 



2 406 
2 470 
2 445 



2 420 
2 394 
2 368 



2 343 
2 318 
2 292 



2 266 
2 241 
2 220 



2199 
2178 
2 157 



2136 
2 116 
2 095 



2 074 
2 053 
2 032 



2 015 
I 097 
1980 



1962 
1 94') 

1928 



1910 
1893 
1875 



86-80 
86-34 

85-88 



85-42 
84-96 
84-50 



84-04 
83-58 
83-12 



82-66 
82-20 
81-76 



81-32 
80-88 
80-44 



80-00 
79-56 
79-12 



78-68 
78-24 

77-80 



77-36 
76-92 

76--i8 



76-04 
75-60 
7516 



74-72 
74-28 
73-84 



2 062 
2 039 
2 016 



1992 
1969 
1946 



1923 
1 900 
1876 



1853 
1 830 
1811 



1793 
1774 
1 755 



1736 
1 718 
1699 



1680 
1662 
1643 



1028 
16l5 
1 r>97 



I 582 
1 5B7 
1 552 



1 537 
1 521 
1 506 



47-40 
4716 
46-92 



46-68 
46-44 

46-20 



45-96 
46-72' 
45-48 



45-24 
45-00 
44-80 



44-60 
44-40 

44-20 



44-00 
43-80 
43-60 



43-40 
43-30 
43-00 



42-82 
42-64 
42'46 



42-28 
42-10 
41-92 



41-74 
41-56 
41-38 



1825 
1803 
1781 


28-flO 
28-48 
28-36 


1682 
1661 
1639 


18-60 
18-58 
18-56 


1759 
1737 
1715 


28-24 
28-12 
28-00 


1618 
1596 
1575 


18-54 

18-52 
18-50 


1693 
1671 
1649 


27-88 
27-76 
27-64 


1554 
1 532 
1511 


18-48 
18-46 
18-44 


162t 
1605 
1587 


27-52 
27-40 
27-26 


1489 
1468 
1 451 


18-42 
18-40 
18-30 


1570 
1552 
1534 


2712 
26-98 
28-84 


1434 
1417 
1400 


18-20 
18- 10 
18-00 


1 516 
1499 
1 481 


26-70 
26-56 
26-42 


1383 
1366 
1349 


17-90 
17-80 
17-70 


1463 
1 446 
1428 


26-28 
26-14 
26-00 


1332 
1315 
1298 


17-60 
17-50 
17-40 


1414 
1 399 
1385 


25-88 
25-76 
25-64 


1284 
1271 
1256 


17-34 
17-28 
17-22 


1 371 
1 35ft 
1 342 


25-52 
25-40 
25-28 


1243 
1230 
1216 


1716 
1710 
17-04 


1328 
1314 
1299 


25-16 
25-04 
24-92 


1 202 
1188 
1 173 


16-98 
16-92 
16-86 



Note — The naximum permissible stress of steel to 15:226-1958 should not exceed 1500 kg/cm*. 
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TABLES 



OF 'A* AND *B'— Contd 

E-2.1.3ofIS : 800-1956) 
6.3) 



= 35 


For 
Every 
Value 

OF djt^ 

Increas- 
ed BY 1, 
Subtract 


dlt^ 
= 40 


For 

EVEBV 

Value 
OF dlt^ 

Increas- 
ed BY 1, 
Subtract 


'tit, 
= 45 

1 , . 


For 
Every 

Value 
OF dlt^ 

Increas- 
ed BY 1, 
Subtract 


dit, 
= 50 


For 
Every 

Value 
OF dlt^ 

Increas- 
ed by 10, 
Subtract 


= 100 


=M 00 


Itfy 


1 580 
15«8 
154e 


12-20 
12-1« 
12-12 


1 528 
1 507 
1 486 


9-20 
«-18 
9-16 


1 482 
1 461 
1 440 


fi-60 
«-56 
6-52 


1 449 
1428 
1407 


22-00 
21-*>8 
21-96 


1339 
1318 
1298 


1301 
1280 
1259 


110 
111 
112 


1 525 
1 504 
1 482 


1208 
1204 
1200 


1 465 
1 444 
1 422 


9-14 
9-12 
910 


1419 
1398 
1 377 


6-48 
6-44 
6-40 


1387 
1366 
1 345 


21-94 
21-92 
21-90 


1277 
1256 
1236 


1239 
1218 
1197 


113 

114 
115 


1 461 
1440 
14iy 


1196 
11-92 
11-88 


1401 
1 380 
1 359 


4»-08 
9-06 
904 


1 356 
1 335 
1 314 


6-36 
0-32 
0-28 


1 324 
1 303 
1283 


21-88 
21-86 
21-84 


1 215 
1 194 
1 173 


1 176 
1 155 
1 135 


116 
117 
118 


1 397 
1 37« 
1 360 


11-84 
11-80 
11-72 


1 338 
1317 
1301 


9-02 
ft-OO 
9-04 


1 293 
1272 
1256 


0-24 
6-20 
6-22 


1262 
1241 
1225 


21-82 
21-80 
21-70 


1153 
1 132 
1116 


1 114 
1093 
1077 


119 
120 
121 


1343 
1326 
1 310 


ll-fi4 
11-56 
11-48 


1285 
1269 
1253 


9-08 
912 
916 


1239 
1223 
1 207 


6-24 
6-26 
6-28 


1208 
1 192 

1 175 


21-60 
21-50 
21-40 


1100 
1084 

1 068 


1061 
1045 
1 029 


122 
123 
124 


1294 

1 277 
12b0 


11-40 
11-32 
11-24 


1236 
1 220 

1204 


9-20 
9-24 
9-28 


1190 
1 174 
1 158 


6-30 
6-J32 

6-34 


1159 
1143 

1 126 


21-30 
21-20 
21-10 


1052 
1037 
1021 


1012 
996 
980 


125 
126 
127 


1244 
1 228 
1211 


1116 
1108 
11-00 


1 188 
1172 
1 156 


9-32 
fi-36 
9-40 


1 142 
1 125 
1109 


6-36 
6-38 
6-40 


1 110 
1093 
1077 


21-00 
20-90 
20-80 


1005 
989 
973 


964 
948 
932 


128 
129 
130 


1198 
1 184 
1 171 


1106 
11-12 
1118 


1142 
1129 
1 115 


9-28 
9-16 
0-04 


1096 
1083 
1070 


6-36 
8-32 

6-28 


1064 
1051 
1038 


20-82 
20-84 
20-86 


960 
947 
934 


919 
906 
893 


131 
132 
133 


1157 
1144 
1 131 


11-24 
11-30 
11-30 


1101 
1088 
1074 


8-92 
8-80 
8-68 


1057 
1044 
1030 


6-24 
6-20 
6-16 


1025 
1012 
1000 


20-88 
20-90 
20-92 


921 
908 
895 


880 
868 
855 


134 
135 
136 


1 117 
1 104 
1090 


11-42 
11-48 
11 -.U 


1060 
104S 
1033 


a-56 
8-44 
8-32 


1017 

1004 

991 


6-12 
608 
6-04 


987 
974 
961 


20-94 
20-96 
20-98 


882 
8B9 
856 


842 
829 
816 


137 

138 
139 



iContd) 
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TABLE III VALUES 

( See Clause 
( Clause 



V% 



140 
141 
142 



143 
144 
145 



146 
147 

148 



149 
loO 
151 



152 
158 
154 



155 
150 
157 



158 
159 
160 



161 
162 
163 



184 
165 

166 



167 
168 
160 



= 10 



For 
Every 

Valitk 


= 15 


j'oR 

Every 

Value 
OP dtt^ 


Increas- 
ed BY 1, 
Subtract 




Increas- 
ed by 1, 

Subtract 



^}t. 



For 
Every 
Value 
OF dlt^ 

Increas- 
ed by 1, 
Subtract 



-i25 



For 
Every 

Value 
OF d}t^ 

Ihcreas- 

ED BV 1, 

Subtract 



=•30 



For 
Every 

Value 
otdlt^ 

Increas- 
ed by I, 
Subtract 



2 641 
2 622 
2 603 



2 584 
2 565 
2 646 



2 527 
2508 
2 489 



2 470 
2 451 
2 434 



2 418 
2 401 
2885 



2 368 
2 351 
2 335 



2 818 

2302 
2 285 



2 271 
2 256 
2 242 



2 22S 
2 214 
2199 



2185 
2171 
2166 



156-60 
155-70 
154-80 



153-90 
153-00 
15210 



151-20 
150-30 
149-40 



148-50 
147-60 
146-72 



145-84 
144-96 
144-OS 



143-20 
142-32 
141-44 



140-56 
139-68 
138-80 



138-08 
137-36 
136-64 



135-92 
135-20 
134-48 



138-76 
133-04 
132-32 



1 858 
1 844 
1829 



1814 
1800 
1786 



1771 
1766 
1742 



1 728 
1 713 
1 701 



1689 
1676 
1064 



1652 
1640 
1628 



1615 
1603 
1501 



1580 
1 570 
1559 



1 548 
1538 
1527 



1510 
1605 
1495 



78-40 
73-02 
72-64 



72-26 
71-88 
71-50 



71-12 
70-74 
70-36 



69-98 
69-60 
69-26 



68-92 
68-58 
68-24 



67-90 
67-66 
67-22 



66-88 
66-54 
66-20 



65-88 
65-56 
65-24 



64*92 
64-60 
61-28 



63-96 
63-64 
63-32 



1491 
1478 
1466 



1463 
1441 

1 428 



1 415 
1403 
1 390 



1878 
1365 
1364 



1344 
1SS4 
1328 



1312 
1302 
1292 



1281 
1270 
126C 



1251 
1241 
1233 



1224 
1214 
1205 



1196 
1187 
1178 



41-20 
40-94 
40-68 



40-42 
40-16 

39-90 



39-64 
39-88 
39-12 



38-86 
38-60 
38-46 



88.32 
S8-18 
88-04 



37-90 
37-76 
87-62 



37-48 
37-34 
37-20 



8704 
86-88 
86-72 



36-56 
86-40 
86-24 



86-08 
85-92 
85-76 



1285 
1274 
1262 



1251 
1240 
1228 



1217 
1 206 
1 195 



1183 
1172 
1162 



1162 
1143 
1133 



1123 
1113 
1103 



1094 
1064 
1074 



loee 

1057 
1 049 



1041 
1032 
1024 



1016 

1008 

999 



24-80 
24-76 
24-72 



24-68 
24-64 
24-60 



24-56 
24-52 

24-48 



24-44 
24-40 
24-28 



24*16 
24-04 
28-92 



23-80 
23-68 
23-56 



28-44 
28-32 
23-20 



2312 
23-04 
22-96 



22-88 
22-80 
22-72 



22-64 
22-56 
22-48 



1 161 
1150 
1139 



1 128 
1117 
1106 



1094 
1083 
1072 



1061 
1050 
1041 



1032 
1022 
1013 



1004 
996 
986 



976 
967 
958 



950 
942 
934 



926 
918 
911 



903 
895 

887 



16-K(( 
1672 
16-64 



16-56 
'16-4H 
16-40 



l6-a*2 
16-24 
lfl-J« 



16-08 
16-00 
16-98 



15-96 

15-94 
15-92 



15-90 
15-88 
15-86 



15-84 
15-82 
15-SO 



15-74 
15-68 
15-62 



15-56 
16-50 
15-44 



15-38 
15-32 
15-26 



N0T|i — The maximum permissible stress of steel to IS: 226-1958 should not exceed 1 600 kg/cm*. 
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OF *A' AND 'B' — Contd 

E-2.1.3 of IS: 8004956) 
6.3) 



TABLES 





For 
Every 

Value 
OF djt^ 

Increas- 
ed BY 1, 
subtract 


= 40 


For 
Every 
Value 
OF dll^ 

Increas- 
ed BY 1, 
Subtract 


= 45 


For 
Every 
Value 

OF d/t^ 

Increas- 
ed BY 1, 
Subtract 


= 50 


For 
Every 

Value 

OF dlt^ 

Increas- 
ed BY 10, 
Subtract 


= 100 


=5 Oft 


^^ 










A 








B 


,..,- 


1U77 
1 0«6 
1 056 


11-60 
11-58 
11-56 


1019 

1008 

998 


8-20 
8-22 

8-24 


978 
967 
957 


6-00 
5-96 
5-92 


948 
938 
927 


21-00 
20-98 
20-96 


843 
833 

822 


803 
793 

782 


140 
141 
142 


1 0+5 
1 U24 


11-54 
11-52 
11-50 


987 
977 
966 


8-26 
8-28 
8-30 


946 
935 
024 


5-88 
6-84 
5-80 


916 
906 

896 


20-94 
20-92 
20-90 


81-2 
801 
791 


772 
761 
751 


143 
144 
145 


1 01 H 
991 


11-48 
11-46 
11-44 


955 
945 
934 


8-32 
8-34 
8-36 


914 
903 
892 


5-76 
5-72 
6-68 


885 
874 
864 


20-88 
■20-86 
20-84 


781 
770 
760 


741 
730 
720 


146 
147 
U8 


a8i 

970 
961 


11-42 
11-40 
11-34 


924 
913 
904 


8-38 
8-40 
8-34 


882 
871 
862 


5-64 
.5-60 
6-64 


854 
843 
834 


20-82 
20-80 
20-74 


749 
739 
731 


709 
699 
691 


149 
150 
151 


052 
943 
mi 


11-28 
11-22 
11-16 


895 

887 
878 


8-28 
8-22 
8-16 


854 
846 
837 


6-«8 
5-72 
6-76 


826 
817 
808 


20-68 
20-62 
20-56 


722 
714 
705 


682 
674 
066 


152 
153 
154 


9:i4 
91o 


11-10 
11 04 
10-98 


869 
860 
851 


8-10 
8-04 
7-98 


828 
820 
812 


5=80 
5-84 
5-88 


800 
791 

782 


20-50 
20-44 
20-38 


697 
689 
680 


658 
649 
641 


155 
156 
157 


»7l> 


10-92 
10-86 

10-80 


843 
834 
825 


7-92 

7-86 
7-80 


803 
794 
786 


5-92 
5-96 
6-00 


773 
765 
756 


20-32 
20-26 
20-20 


672 
663 
655 


633 
624 
616 


158 
159 
160 


871 
,Sfi4 
850 


1076 
10-72 
10-68 


818 
810 
803 


7-78 
7-76 
7-74 


779 
771 
764 


5-96 
5-92 

5-88 


749 
742 
735 


20-22 
20-24 
20-26 


648 
641 
633 


609 
602 
595 


161 
162 
163 


»4i-» 
S41 

83;» 


10-64 
10-60 

10-56 


795 

788 
781 


7-72 
7-70 
7-68 


757 
750 
742 


5-84 
5-80 
5-76 


728 
720 
713 


20-28 
20-30 
20-32 


626 
619 

612 


588 
581 
574 


164 
165 
166 


>S1,S 


10-52 
10-48 
10-44 


773 
766 
758 

i 


7-66 
7-64 

7-62 


735 

728 
720 


5-72 
5-68 
5-64 


70fi 
699 
692 


20-34 
20-36 
20-38 


t>05 
597 
590 


567 
560 
553 


167 
168 

169 

1 



( Contd ] 
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TABLE in VALUES 

( See Clause 
( Clause 



'I'y 


= 10 


F'OR 

Every 
Value 

OK dlt^ 

Increas- 
ed BY 1, 
Subtract 


= 15 


For 
Every 
Value 

OK dlt^ 

Increas- 
ed by 1, 
Subtract 


dit, 
= 20 


For 
Every 
Value 

OF djtg 

Increas- 
fcD*Y 1, 

Subtract 


dit, 
= 25 


For 
Every 
Value 

OF dlt^ 

Increas- 
ed BY 1, 
Subtract 


dit, 
= 30 


For 
Every 
Value 
of dlt^ 

Increas- 
ed by 1, 
Subtract 


170 
171 
172 


2142 
2 129 
3117 


13160 
130-92 
130-24 


1 484 
1475 
14(W 


63-00 
62-72 
62-44 


1169 
1 161 
1153 


35-60 
35-44 
35-28 


991 
984 
977 


22-40 
22*32 
22-24 


879 
872 
866 


15-20 
15-14 
15-OB 


173 

174 
176 


2 104 
2 002 
2 079 


129-56 
128-88 
128-20 


1456 
1447 
1438 


62-16 

61-88 
61-60 


1146 
1 138 
1 130 


35-12 
34-96 
34-80 


970 
963 
956 


22-16 
22-08 
22-00 


859 
853 
846 


1502 
14-96 
14-90 


176 
177 
178 


2 066 
2 054 
2 041 


127-52 
126-8 1 
126-16 


1 429 
1 420 
1 410 


61-32 
61-04 
60-76 


1 122 
1 114 
1 107 


34-64 
34-4rt 
34-32 


949 
942 
935 


21-92 
21-84 
21-76 


839 
833 
826 


14-84 
14-78 
14-72 


179 
180 
181 


2 029 
2 016 
2 005 


125-48 
124-80 _ 
124-20 


1 401 
1 392 
1 384 


60 J> 
60-2U 
59-90 


1 099 
lOiH 
1 084 


34-16 
34-00 
33-94 


928 
921 
915 


21-68 
21-60 
21-34 


820 
813 
808 


14-66 
14-60 
14-68 


182 
183 
184 


1994 
1 982 
1 971 


123-60 
123-00 

122-40 - 


1 376 
1367 

1 .>o9 


59-60 
59-30 
59-00 


1 078 
1071 
1 064 


33-88 
33-82 
33-76 


908 
902 
895 


21-08 
20-82 
20-56 


803 
798 
793 


14-76 
14-84 
14-92 


1«5 
186 
187 


1960 
1949 
1938 


121-80 
121-20 
120-60 


1351 
1 343- 
1 335 


58-70 
58-40 
58-10 


I 05S 
1051 
1044 


33-70 
33-64 
33-58 


889 
883 

876 


20-30 
20-04 
19-78 


788 
782 
777 


15-00 
15-08 
1516 


188 

ijsy 

190 


1926 
1 915 
1 9U4 


1 -iomt 

119-40 
11880 


1 326 

1 318 
1 310 


57-80 
57-50 
57-20 


1037 
1031 
1 024 


33-52 
33-46 
33-40 


870 
863 

857 


19.52 
19-26 
1900 


772 
767 
762 


15-24 
15-32 
15-40 


191 
103 


1894 

1 8K4 
1 874 


118-36 
117-92 
117-48 


1 302 
1 295 

1 287 


56-80 

56-52 
56-lrt 


1 018 
1 012 
1 006 


33-22 
33-04 
32-86 


852 
847 
842 


19-14 

19-28 
19-42 


756 
750 
745 


15-18 
14-96 
14-74 


ltf4 
196 


1 864 
1 854 
1 845 


117-04 
116-60 
116-16 


1 279 
1 272 
1 264 


55-84 
55-50 
55-16 


1 000 
994 

988 


32-68 
32-50 
32-33 


837 
832 
826 


19-56 
19-70 
19-84 


739 
733 
727 


14-52 j 

14-30 

14-08 


1«7 

I'JH 
199 


1835 
1 W25 
1»15 


115-72 
115-2« 
LI 4 -84 


1 256 
1 248 
1 241 


54-»2 
54-4« 

54-14 


982 
976 
970 


3214 
31-96 
31-78 


. 821 
8l« 
811 


19-98 
2012 
20-26 


721 
716 
710 


13-86 
13.64 ' 
13-42 


200 


1805 


114-40 


1 233 


53-80 


964 


31-60 


806 


20-40 


704 


13-20 

• 



NoT£ — The maximum permissible stress of steel to 18:226-1958 should not exceed 1500 kg/cm*. 
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X ABLBS 



OF M» AND *B'-~Contd 

E-2.1.3 of 13:800-1956) 
6.3) 



= 85 


For 
Every 
Value 
OF dlt^ 

Increas- 
ed BY 1, 
Subtract 


= 40 


For 
Every 
Value 
OF d/t^ 

Increas- 
ed BY 1, 
Subtract 


<== 45 


For 

Every 

Value 

of dlt^ 

Increas- 
ed BY 1, 
Subtract 


dlt, 
« 50 


For 
Every 
Value 
OF dll^ 

Increas- 
ed BY 10, 
Subtract 


9e 
=. 100 


= €0 


'I'y 


A 


B 




803 

7OT 
790 


10-40 
10-36 
10-32 


751 
745 
739 


7-60 
7-60 
7-60 


713 
707 
701 


5-60 
5-64 
5-68 


685 
679 
672 


20-40 
20-34 
20-28 


583 
577 
571 


546 
540 
534 


170 
171 
172 


784 
778 
7^2 


10-28 
10-24 
10-20 


733 
727 
720 


7-60 
7-60 
7-60 


695 
689 
682 


5-72 
5-76 
5-80 


660 
660 
654 


20-22 
20-16 
20-10 


505 
559 
553 


o2S 
522 
510 


173 
174 
175 


765 
759 
753 


1010 
10-12 
10-08 


7U 
708 
702 


7-60 
7.60 
7-60 


676 
670 
654 


5-84 
6-88 
5-92 


647 
641 
635 


20-04 
19-98 
19-02 


547 
541 
535 


511 

505 
499 


176 
177 
178 


746 
740 
734 


10-04 
10-00 
10-00 


606 
690 
684 


7-60 
7-60 
7-54 


658 
652 
647 


5-06 
6-00 
5-96 


628 
622 
617 


19-86 
19-80 
19-78 


529 
523 
518 


493 
487 
482 


179 
180 
181 


729 
724 
718 


10-00 
10-00 
10-00 


679 
674 
668 


7-48 
7-42 
7-36 


642 
636 
631 


5-92 
5-88 
5-84 


612 
607 
602 


19-76 
19-74 
19-72 


513 

508 
503 


477 
472 
467 


182 
183 
184 


712 
707 
702 


10-00 
10-00 
10-00 


662 
657 
652 


7-30 
7-24 
718 


626 
621 
616 


5-80 
5-76 
5-72 


597 
592 

587 


19-70 
19-68 
19-66 


498 
494 
489 


462 
456 
451 


185 
186 
187 


696 
690 
6ti5 


10-00 
10-00 
10-00 


646 
640 
635 


7-12 
7-06 
7-00 


610 
605 
600 


5-68 
5-64 
9^60 


582 
577 
572 


19-64 
19-62 
19-60 


484 
479 
474 


446 
441 
436 


188 
189 
190 


680 
676 
671 


y-'J4 

9-88 
9-82 


631 
626 
622 


7-U4 
7-08 
7-12 


595 
591 
586 


5-50 
5-52 
5-48 


568 
563 
599 


19-56 
19-52 
19-48 


470 
466 
461 


432 
428 
423 


191 
192 
193 


666 
662 
657 


9-76 
9-70 
9-64 


617 
613 
609 


716 
7-20 
7-24 


582 
577 
572 


5-44 
5-40 
5-36 


554 
550 
546 


19-44 
19-40 
19-36 


457 
453 
449 


419 
415 
411 


194 
195 
196 


652 
647 
643 


9-58 
9-52 
9-46 


604 
600 
595 


7-28 
7-32 
7-36 


568 
563 
559 


5-32 
5-28 
5-24 


541 
537 
532 


19-32 
19-28 
19-34 


445 
440 
436 


407 
40-i 
398 


197 
198 
199 


638 


9-40 


591 


7-40 


554 


5-20 


528 


19-30 


432 


394 


200 
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TABLE IV PERMISSIBLE AVERAGE SHEAR STRESS IN WEBS FOR 
STEEL CONFORMING TO IS; 226-1958 

I See Clause 9.3.2(b) of IS: 800-1956] 

[ Average Shear Stress { kg/cm' ) for Different Distances Between Vertical Stiffeners ] 
( Design Example 2, Sheet 9 ) 
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APPENDIX A 

(Design Example 14, Sheet 1) 
CONTINUOUS SPAN COEFFICIENTS 



A-1. GENERAL 

A-1,1 Continuous spans are frequently used to reduce the maximum mo- 
ments, in both bridge and building construction; for beams and girders 
framing to columns in tier buildings they are seldom economical, despite 
the saving in main material, on account of the added cost of necessary 
details at the supports. 

A- 1.2 The methods of calculation of shears and moments in continuous 
beams proceed from the fundamental, namely the ' Theorem of Three 
Moments '. 

A- 1.3 The design of continuous spans may be safely entrusted only to 
designers with an adequate grasp of the underlying theory and of the be- 
haviour of such structures ; to these, however, it is an advantage to have 
available such short-cuts as may Hghten the tedious arithmetical work. 

A- 1.4 To this end, two tables of coefficients have been presented for the 
three-span continuous beams. In these tables, the two end-spans are equal» 
and again the length of each bears a variety of ratios to the total length. 

A- 1.5 The following general considerations apply to the use of these tables: 

a) The span-ratios chosen are intended to embrace those that frequently 
occur in practice. The intervals between span-ratios tabulated are 
close enough so that straight line interpolation for other ratios 
( vertical interpolation ) will not introduce too great errors. 

b) Theoretically, the tabulated coefficients for a particular function 
under investigation are to be used as ordinates to a series of points, 
through which the 'influence line' for the function is to be drawn 
in as a smooth curve. The number of such ordinates provided, 
enables such a curve to be faired in with sufficient accuracy for most 
purposes. 

c) The actual drawing of influence lines may in many cases be avoided 
by a reasoned use of the tabulated information. For instance, for 
many short spans the maximum negative and maximum positive 
moment) directly obtainable from coefficients in the tables, will 
suffice to determine the size of the required beam. 

d) Both spans in two-span beams, and both end spans of three-span 
beams, are divided into fifths because the maximum positive mo- 
ments from single loads occur very close to the two-fifths points 
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from the end supports. The central span of three-span beams is 
divided into fourths because this maximum occurs at mid-span. 

e) The spacing of a specified group of concentrated loads is apt to be 
such that with one load placed at one of the fifth or quarter points 
tabulated, other loads fall between such points. Exact coefficients 
for such loads do not result from straight-line mterpolation ( hori- 
zontal interpolation ) between the tabulated coefficients to right and 
to left, because the influence line between those points is a curve. 
Only in regions of sharp curvature, however, the error is important, 
and a mental correction to the straight-Un6 interpolation, taking 
into account the direction of curvature of tho influence line, is 
feasible. 

f) All shear and moment coefiicients have been expressed in terms of 
* L ', the total length of the two ( or three ) spans. This is done 
in order that if, as is frequently the case, the total length is fixed 
and the intermediate span lengths are subject to the designer's 
discretion, comparison of the various functions for various layouts 
may be made on a common and constant basis. 

A-2. THREE-SPAN TABLES 

A- 2.1 Table V gives the four reactions due to a unit load placed successively 
at each of fifteen points. Since the end spans are equal, two of these re- 
actions are in reverse to the other two. 

For moving groups of two or more loads, it will usually be desirable to 
plot the influence lines for all the shears and moments required in the 
design. The influence line ordinates for the maximum negative moment 
are tabulated (M^). Maximum positive moment will occur at an undeter- 
mined point, but this point will lie not far from the point where a single 
load produces maximum moment ; the position of this point is tabulated 
[see -{- M{MAX)'\. Influence lines may be drawn, from the reaction 
tables, for this point and for other points close by, and these will envelop 
the influence line for absolute maximum positive moment in the span. 

For longer spans, where changes of section will need to be made, the 
influence ordinates for moment (and sometimes for shear) may be 
calculated (from the reaction tables) at each of the fifth points. From 
these the maximum moment at each fifth point may be found and plotted 
to scale, and a moment curve faired through the eleven points thus 
established. This will provide the information for a detailed design for 
bending stress. 

A-2.2 Table VI has been given to simplify the calculation of the shears 
and moments usually required in the case of uniform load per lineal foot. 

Load covering one end span (Mj) produces positive moment through- 
out that span ( except quite close to the intermediate support ) and in the 
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other end span to and including its intermediate support; and produces 
negative moment throughout the centre span ( except quite close to the far 
intermediate support ) . Load covering the centre span { M^ ) produces 
positive moment throughout that span ( except quite close to the inter- 
mediate supports ) and produces negative moment throughout both end 
spans to and including thei intermediate supports. 

Therefore, load covering all three spans (M^) does not produce the 
maximum moment at any point, but the coefficients as tabulated will often 
be required for the case of dead load. 

For uniform live loading, the numerically greatest moment will 
occur at some points with one span, at some with two adjacent spans, and 
at some with two end spans, loaded. The coefficients for these moments 
are tabulated as Max M, Inspection will show what combinations of M^, 
Afg and M^ reversed, produce them. The same is true of Rev M, the 
greatest moment of opposite sign to Max M. 
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TABLE V THREE- SPAN SYMMETRICAL CONTINUOUS BEAMS 
( Coefficients for Concentrated Loads ) 

{ Clause A.2.1 ) 
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Rf, Ri, Kt' and ^o' are the reactions at supports 0, 5, 5' and 0' respectively, for ft concentrated load of unity applied at the point indicated at 
the' head of each column of coefficients. 

From these reactions it is possible to construct the influence lines for maximum shear or maximum moment at any section. 

Mf is the moment at the intermediate support R^, due to unit load placed at the point indicated. It is negative except when the load is placed 
on the farther end span. The tabulated moment coetficients constitute ordinates to the influence line for moment at 5. For M^' they are reversed 
from left to right. Maximum moment at either interior support will occur with the farther end span unloaded. The total moment at 5 or 5', due to 
two or more concentrated loads is the algebraic sum of the coefficients tabulated above for the points at which the several loads are placed. Usually 
it is greatest when they are placed in the longer of the two spans adjacent to the support. 

+ M {MAX) defines the load position for maximum positive moment, and gives the moment coefficient, in each span respectively. The inforojatioa 
accurately locates the peak of the influence line for maximum positive moment due to a single load. , 

Coefficient for span-ratios m, n, not given, may be approximated by direct interpolation between the two nearest values tabulated. 



TABLE VI THREE -SPAN SYMMETRICAL CONTINUOUS BEAMS 
( Coefficients for Uniformly Distributed Loads ) 

( Clause A-2.2 ) 
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Maximum shear ( x wZ. ) is the maximum sbeai on the indicated side of the support, due to uniform load of w per lin m in the most effective posi- 
tion for shear. 

Ml and Afj ( X wL* ) are the moments at the indicated points due to uniform load w covering respectively the left and the centre span. 
{ Moments from load covering the right hand span are the reverse from left to right of M, and are not tabulated.) 

Mt — moment at the indicated point due to load covering all spans; which is not a condition for maximum. 

Max M = maximum possible moment of either sign at the indicated point, and is due to uniform load covermg one complete span or two 
complete spans. The maximum possible positive moment occurs close to, and is negligibly greater than, that shown at Points 2 and 2'. 

Hev M = maximum moment of reverse sien to Max M. 
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APPENDIX B 

{See Foreword) 

INDIAN STANDARDS ON PRODUCTION. DESIGN AND USE 
OF STEEL IN STRUCTURES 

ISI iias so far published the following Indian Standards in the field 
of production, design and utilization of steel and welding: 

IS: 800-1956 Code of Practice for Use of Structural, Steel in General 

Building Construction 
18:801-1958 Code of Practice for Use of Cold Formed Light Gauge Steel 

Structural Members in General Building Construction 
13:804-1958 Specification for Rectangular Pressed Steel Tanks 
IS: 806-1957 Code ot Practice for Use pF Steel Tubes in General Building 

Construction 
IS: 808-1957 Specification for Rolled Steel Beam, Channel and Angle Sec- 
tions 
IS: 812-1957 Glossary of Terms Relating to Welding and Cutting of Metals 
IS: 813-1961 Scheme of Symbols for Welding {Amended) 
18:814-1957 Specification for Covered Electrodes foit Metal Arc Welding 

op Mild Steel 
IS: 815-1956 Classification and Coding of Covered Electrodes for Metal 

Arc Welding of Mild Steel and Low Alloy High-Tensile Steels 
IS: 816-1956 Code of Practice for Use of Metal Arc Welding for General 

Construction in Mild Steel 
IS; 817-1957 Code of Practice for Training and Testing of Metal Arc 

Welders 
18:818-1957 Code op Practice for Safety and Health Requirements in 

Electric and Gas Welding and Cutting Operations 
IS: 819-1957 Code of Practice for Resistaitcb Spot Welding for Light 

Assemblies in Mild Steel 
IS: 1173-1957 Specification for Rolled Steel Sections, Tee Bars 
IS: 1179-1957 Specification for Equipment for Eye and Face Protection 

During Welding 
IS: 1181-1957 Qualifying Tests for Metal Arc Welders ( Engaged in Welding 

Structures Other Than Pipes) 
IS: 1182-1957 General Recommendations for Radiographic Examination of 

Fusion Welded Joints 
IS: 1252-1958 Specification for Rolled Steel Sections, Bulb Angles 
IS: 1261-1959 Code of Practice for Seam Welding in Mild Steel 
IS: 1278-1958 Specification for Filler RoOs and Wires for Gas Welding 
IS: 1323-1959 Code of Practice for Oxy- Acetylene Welding for Structural 

Work in Mild Steel 
IS: 1395-1959 Specification for ^Pe^cent Molybdenum Steel Covered 

Electrodes for Metal Arc Welding 
IS: 1442-1959 Specification for Covered Electrodes for the Metal Arc 
Welding of High Tensile Structural Steel 
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